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ABSTRACT 
 
This thesis reports on a novel, cross‐sectional field study of middle‐aged 
Jordanian workers recruited from industrial and the school teaching community.  
It examines the relationship between work‐related stress, cortisol, and C‐
reactive protein (CRP) in predicting metabolic syndrome (MtS). Self‐reported 
work stress measured by the Effort‐Reward imbalance ratio (ERI), 
anthropometric data, serum CRP level, and saliva cortisol were collected from 
male workers. In addition, the thesis describes the translation and validation 
studies of an Arabic version of the Perceived Stress Scale (PSS‐14), Effort‐Reward 
Imbalance questionnaire (ERI), and the Pittsburgh Sleep Quality Index (PSQI) 
questionnaire. 
 
Chapter one provides background pertinent to the rationale of the study; 
metabolic syndrome (MtS), its components and health consequences; the 
concept of stress; the neural and hormonal stress responses; and the association 
between work‐related stress and MtS. The chapter also gives a description for 
each of the questionnaires, the ERI, PSS‐14 and the PSQI. 
 
Chapter two, published in International Journal of Nursing Studies, describes the 
development of an Arabic version of the Perceived Stress Scale (PSS‐14). The 
PSS‐14 has been designed to measure the degree to which situations in a 
person’s life are perceived as stressful.  
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Chapter three, published in Psychological Reports, describes the development of 
an Arabic version of the Effort‐Reward Imbalance questionnaire (ERI). The 
questionnaire assesses three aspects of work stress: “Effort”, “Reward” and 
“Over commitment”. The Effort‐Reward imbalance model claims that a lack of 
reciprocity between effort and reward at work with high effort and low Reward, 
elicits sustained stress reactions (distress). In addition, the model assumes that 
distress will be higher in more highly over‐committed employees than in less 
over‐committed employees.  
 
Chapter four, submitted for journal publication, describes the translation and 
validation of the PSQI questionnaire. The PSQI is a standardized, self‐
administered questionnaire to assess subjective sleep quality over the last 
month. 
 
The translation process of the three questionnaires (PSS‐14, ERI and PSQI) 
employed an iterative forward‐backward translation process involving a wide 
range of translators to balance issues between linguistic and cross‐cultural 
concerns. The participants were asked to complete the three questionnaires 
twice in their homes. The translated questionnaires were evaluated for reliability 
and validity. 
Prior to Factorial Analysis (FA), the suitability of data for factor analysis was 
assessed. The FA using a Principal Components Analysis (PCA) was performed to 
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inspect the factorial structure of the questionnaire items, in which the factors 
with eigenvalues more than one were extracted and rotated by the varimax 
method. The internal consistency was examined by Cronbach’s alpha coefficient 
and the test‐retest reliability was examined by the intra‐class correlation 
coefficient. 
The internal consistency, test‐retest reliability and factor structure of the Arabic 
versions of the three questionnaires were satisfactory. Therefore, the Arabic 
PSS‐14, ERI and PSQI are considered suitable psychological instrument for Arabic 
people. 
 
Chapter five, published in Psychophysiology, aimed to establish the association 
between work stress, expressed as Effort‐Reward imbalance (ERI), and the 
inflammatory marker, C‐reactive protein (CRP) in Jordanian male employees. 
Self‐reported work stress, anthropometric data, and blood for CRP analysis were 
collected. A significant correlation between ERI and CRP (r = 0.29, p < .01), and 
between waist circumference with CRP (r = 0.44, p < .01) was found. After 
controlling for the covariates of age, hypertension, waist circumference, fasting 
blood glucose, cholesterol, HDL‐ C and triglycerides, ERI was not a significant 
predictor of CRP (p=0.052). However, when only the centrally obese group 
(waist circumference ≥ 94 cm; n = 78) was considered, ERI accounted 
significantly for 5.0% of the variability in the CRP (p = .034). On the other hand, 
when only subjects without central obesity (waist circumference < 94 cm, n = 74) 
were analyzed, waist circumference and not ERI or any other variable was 
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significantly positively associated with CRP (p < 0.01). The results of this study 
confirmed previous findings that obesity was significantly associated with CRP, 
and supported the notion that higher ERI amongst obese workers was one small 
but significant predictor of increased levels of CRP. 
 
Chapter six, a published cross‐sectional study in Psychophysiology, examined the 
relationship between work‐related stress, cortisol, and CRP in predicting MtS. 
Self‐reported work stress measured by the ERI, anthropometric data, serum 
CRP, and saliva cortisol were collected from Jordanian male workers. ERI 
and cortisol were significantly associated with the presence of MtS. The odds of 
MtS in men with high ERI and high cortisol were significantly higher than that of 
men with low ERI and low cortisol (OR=11.50, 95% CI: 2.16‐59.14). CRP was 
significantly associated with MtS (OR=2.51, 95% CI: 1.50‐4.20, p≤0.001). The 
odds of MtS were significantly higher in centrally obese men with both high ERI 
and CRP level (OR=5.23, 95% CI: 1.41‐19.45, p<0.05).Thus, high ERI along with 
high cortisol or high CRP increases the risk for MtS, especially among centrally 
obese men.  
 
In conclusion, the Arabic versions of the questionnaires have demonstrated 
good internal consistency and reliability. We consider the Arabic versions of the 
PSS‐14, ERI and PSQI  suitable instrument to assess perceived stress, work 
related stress and sleep quality, respectively, for Arabic speakers. The key 
findings of this thesis suggest that work‐related stress predicts a small 
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inflammatory response in a sample of overweight or centrally obese Jordanian 
workers. Work‐related stress and its resultant hypercortisolemia and augmented 
CRP synergistically contribute to the development of MtS in middle‐aged 
Jordanian workers. High work‐related stress in the presence of central obesity 
predisposes Jordanian workers to increased risk of MtS. 
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                                                     CHAPTER 1 
                                                 INTRODUCTION 
 
The  relationship  between work‐related  stress,  cortisol,  and  C‐reactive  protein 
(CRP)  in predicting metabolic syndrome  (MtS)  is explored  in  this  thesis.  In  line 
with  this  objective,  this  chapter  will  review  pertinent  topics  of  the  research 
thesis: MtS and its components and health consequences; the concept of stress, 
and  work‐  related  stress,  stress  response  (involving  the  activation  of  the 
sympathetic‐adrenal‐medullary  axis  and  the  hypothalamic–pituitary–adrenal 
axis)  and  its  relationship  to  the  development  of  MtS.  The  chapter  will  also 
provide a review of the questionnaires: ERI, PSS‐14 and the PSQI. 
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METABOLIC SYNDROME 
 
The MtS is a cluster of metabolic risk factors: elevated abdominal obesity, fasting 
plasma glucose, insulin resistance, high cholesterol and high blood pressure 
(International Diabetes Federation, 2005). The best available evidence suggests 
that people with MtS are at increased risk of cardiovascular events (Gami et al., 
2007; Lorenzo, Okoloise, Williams, Stern, & Haffner, 2003)  and diabetes mellitus 
(Wilson, D'Agostino, Parise, Sullivan, & Meigs, 2005). Although genetics (Teran‐ 
Garcia & Bouchard, 2007) and poor life style ( Lakka et al., 2003) play major role 
in the development of MtS, stress has a role in the development of MtS 
(Bjorntorp & Rosmond, 1999; Brunner et al., 2002). Stress evokes neural and 
hormone responses, in addition to initiating an inflammatory process; these 
responses may lead to the development of MtS (Black, 2003; Brunner et al., 
2002; Vogelzangs et al., 2007). 
 
Historic Background to Metabolic Syndrome  
 
The group of metabolic risk factors that characterize the MtS was first named by 
Reaven (1988) as “syndrome X” or “insulin resistance syndrome”. After Reaven’s 
initial description, many refinements of MtS were suggested. In 1998, the World 
Health Organization  (WHO)  (Alberti & Zimmet, 1998) and  later,  the  third Adult 
Treatment  Panel  of  the National  Cholesterol  Education  Program NCEP  (NCEP, 
2002),  the  International  Diabetes  Federation  (IDF)  (2005)  and  other 
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organizations  issued different definitions of MtS criteria (Grundy, 2007; Huang, 
2009). IDF, WHO and NCEP are currently the most widely used criteria to identify 
the MtS cases (Table1.1). 
 
Although MtS definitions are similar in their values for triglycerides, high‐density 
lipoprotein  cholesterol  (HDL‐C),  and  blood  pressure,  they  vary  in  how  they 
define  obesity  and  insulin  resistance.  The  European  Group  for  the  Study  of 
insulin resistance (EGIR) uses fasting insulin levels to estimate insulin resistance, 
and impaired fasting glucose (IFG) as a substitute for impaired glucose tolerance 
(IGT) (Balkau & Charles, 1999).  
 
Several other metabolic abnormalities have been associated with this syndrome, 
including elevation in inflammatory markers (Esposito & Giugliano, 2004; Ridker, 
Buring, Cook, & Rifai, 2003) and abnormalities  in plasma  lipid,  fibrinolysis, and 
coagulation  (Genuth  et  al.,  2003;  Sakkinen, Wahl,  Cushman,  Lewis,  &  Tracy, 
2000). Other risk factors recognized by the American College of Endocrinology / 
American Association of Clinical  Endocrinologist  (ACE/AACE)  include polycystic 
ovarian  syndrome  (PCOS),  prior  gestational  diabetes,  sedentary  lifestyle,  age, 
ethnicity, family history of type 2 diabetes mellitus (T2DM)  , hypertension, and 
cardiovascular disease (CVD) ( Einhorn et al., 2003) .  
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Table 1.1: MtS definitions 
               
 
MtS  
definition 
Insulin resistance  Fasting 
glucose 
Waist 
circumference 
Body 
Mass 
Index 
(BMI) 
Triglycerides HDL‐C Blood 
pressure 
 
other
NCEP ATP III1 
 
  > 100 mg/dL  >102 cm M
>88 cm F 
 
≥150 mg/dL <40 mg/dL M
 
<50mg/dL F 
>130/85
mmHg   
AHA/NHLBI2 
 
  ≥100 mg/dL  >102 cm M
>88 cm F 
 
≥150 mg/dL < 40 mg/dL M
 
<50mg/dL F 
≥ 130/85
 mmHg   
 
IDF3 
 
  ≥100 mg/dL  ≥94 cm M *
≥80 cm F  (E)       
 
≥150 mg/dL < 40 mg/dL M
 
<50mg/dL F 
≥ 130/85
 mmHg   
 
WHO4 
 
Insulin resistance (E)    Waist‐hip ratio
>0.9 M 
>0.85 F 
 
BMI>30 
kg/m2   
≥150 mg/dL < 35 mg/dL M
 
<39mg/dL F 
≥ 149/90
 mmHg   
 
Urinary albumin 
excretion rate >20 
μg/min 
ACE/AACE5 
 
  110‐125 mg/dL
 or 2‐h post 75g 
glucose challenge 
>140 mg/dL 
≥94 cm M
≥80 cm F  
BMI≥25 
kg/m2 
≥150 mg/dL < 40 mg/dL M
<50mg/dL F 
≥ 130/85
 mmHg   
 
Family history of  
T2DM, PCOS, 
Sedentary lifestyle, 
Advancing age, 
Non‐Caucasian 
ethnicity 
EGIR6 
 
Hyperinsulinaemia 
(plasma insulin>75th 
percentile)≠ (E) 
≥110 mg/dL  ≥94 cm M
≥80 cm F 
≥177 mg/dL < 39 mg/dL ≥140/90
 mmHg   
Criteria 
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1‐NCEP ATPIII = National Cholesterol Education Program Adult Treatment Panel 
III.  
2‐AHA/NHLBI = American Heart Association/National Heart, Lung, and Blood 
Institute.  
3‐IDF = International Diabetes Federation.  
4‐WHO = World Health Organization.  
5‐ACE/AACE= American College of Endocrinology / American Association of 
Clinical Endocrinologist. 
6‐EGIR= European Group for the Study of Insulin Resistance.  
*Europeans: men ≥94 cm, women ≥80 cm; South Asians: men ≥90 cm, women 
≥80 cm; Chinese: men ≥90 cm, women≥80 cm; Japanese: men ≥85 cm, women 
≥90 cm; South and Central Americans: men ≥90 cm, women ≥80 cm; Sub‐
Saharan Africans: men ≥94 cm, women ≥80 cm; Eastern Mediterranean and 
Middle East (Arab) populations use European data until more specific data are 
available. 
≠; only non diabeƟc subjects. 
E; Main criteria of metabolic syndrome definition. 
M; Male 
F; Female 
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Prevalence of Metabolic Syndrome  
 
It is estimated that up to 25% of the world’s adults have metabolic syndrome 
(International Diabetes Federation, 2005). In Australian adults the prevalence of 
the MtS using the ATPIII definition was 22.1% (Cameron, Magliano, Zimmet, 
Welborn, & Shaw, 2007). In the United States of America, and based on the 
ATPIII definition, the prevalence among men of the MtS was 34.0 % (Ervin, 
2009), while it was 39.0% based on the IDF definition (Ford, Giles, & Dietz, 
2002). In European countries and based on ATPIII the prevalence in Ireland was 
>20 % (Villegas, Perry, Creagh, Hinchion, & O'Halloran, 2003)  Scotland >26%  
(Sattar et al., 2003), and in Finland > 13% (Lakka et al., 2002). In India, the 
prevalence is 19.1 % using ATPIII (Sawant et al., 2011). 
The prevalence of MtS among the Arab population was high. For example, the 
prevalence in Oman was > 20% (Al‐Lawati & Jousilahti, 2008); in Tunisia it was 
45.5% (Bouguerra et al., 2007); and among the northern Jordanian population it 
was 36.3% (28.7% among men and 40.9% among women) (Khader, Bateiha, El‐
Khateeb, Al‐Shaikh, & Ajlouni, 2007). Unfortunately, this study did not extend to 
the whole of Jordan, and hence the results cannot be generalized to the entire 
Jordan population.  
It  is  clear  that  the  reported  prevalence  of  MtS  is  dependent  on  the  MtS 
definition  used  and  countries where  the  data  are  collected.  The  age‐adjusted 
prevalence  for males  using  the  four  definitions  (WHO,  EGIR,  ATPIII,  and  IDF) 
ranged  from 21.9%  to 42.2 %  (Australia), 3.4%  to 8.1%  (Japan), 7.3%  to 19.6% 
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(Korea), and 16.6% to 45.3% (Samoa). For females, the prevalence ranged from 
15.8% to 33.3% (Australia), 2.5% to 11.3% (Japan), 13.8% to 28.9% (Korea), and 
21.7%  to  59.5%  (Samoa).  With  the  exception  of  Japanese  males,  the  IDF 
definition yielded the highest prevalence of MtS (Lee et al., 2008). 
 
Previous studies have reported ethnic differences in the prevalence of MtS (Ford 
et al., 2002; Tan, Ma, Wai, Chew, & Tai, 2004). In 2005, the International 
Diabetes Federation strongly recommended that for case detection, ethnic 
group‐specific cut‐off points for waist circumference should be used, regardless 
of place and country of residence. As an example relevant to the current study, 
their recommendation for the male population from Middle Eastern (Arab), the 
cut off value of  waist circumference ≥ 94 cm would be used in expatriate Middle 
East communities regardless of place and country of residence (International 
Diabetes Federation, 2005).  
 
Metabolic Syndrome health consequences 
 
There  are many  consequences  of MtS,  some with  particularly  serious  health 
implications  such CVD and T2DM  (Wilson et al., 2005; Hoffmann et al., 2007). 
Longitudinal  studies  that  followed  up  non‐diabetic  persons with MtS  showed 
that they had a 3 to 34 fold increased risk of developing T2DM, and the degree 
of  risk  correlated  positively  with  the  number  of  metabolic  abnormalities 
(Hanson, Imperatore, Bennett, & Knowler, 2002; Klein, Klein, & Lee, 2002). 
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Cardiovascular disease (CVD) and all‐cause mortality are  increased  in men with 
the  MtS,  who  were  initially  free  of  diagnosed  CVD  and  T2DM.  The  11‐year 
follow‐up  study of 1200 middle‐aged Finnish men  showed  that men with MtS 
were 2.9 to 4.2 times more  likely to die of coronary heart diseases (CHD) after 
adjustment  for conventional cardiovascular risk  factors  (Lakka et al., 2002).In a 
study that followed a cohort of 3323 middle‐aged adults for the development of 
new CVD, and T2DM over an 8‐year period, the risk ratio (RR) of incident T2DM 
was greatly increased in persons with MtS at baseline. The overall RRs exceeded 
4 in both genders (Wilson et al., 2005). In conclusion, MtS is strongly associated 
with CHD and T2DM.  
 
 
STRESS 
 
There is no agreement among scientists regarding a definition of stress (Pacak & 
Palkovits, 2001; Rozanski, Blumenthal, Davidson, Saab, & Kubzansky, 2005), and 
this  is  exacerbated  by  the  fact  that  stress  has  been  examined  from  different 
perspectives  by  several  disciplines  including  sociology,  anthropology, 
psychology, physiology, and medicine (Lazarus & Folkman, 1984). The following 
section  examines  the more  influential  approaches  to  a  definition  of  stress  in 
order to determine the most applicable stress definition for the current study. 
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Stress definition 
 
In  the past, scientists adopted  three main approaches  to a definition of stress. 
The first approach considered stress as a stimulus to the organism ‐ an external 
event  that makes  a  demand  on  the  organism  (Pacak &  Palkovits,  2001).  The 
second approach considered stress as a response. Cannon (1929) suggested that 
the body possesses an internal mechanism to maintain stable bodily functions or 
equilibrium. As  the environment presents  the organism with various  stressors, 
the body must respond to each new situation by adjusting various physiological 
responses to compensate for the resources being taxed ( Cannon, 1929; 1939). 
For example when organism ingests large quantity of water, the kidney releases 
more water as waste, to maintain body fluid equilibrium (Larkin, 2005). The third 
approach  considered  stress  as  a  process  of  a  series  of  interactions  or  a 
relationship between  the organism and  the environment. According  to Lazarus 
and Folkman (1984) in this transactional model, it  is not the initial stressor that 
is significant in linking stress to disease, but rather the person’s response to the 
stressor that determines whether a cyclic stress reaction develops. 
 
Literature analysis has demonstrated that studies of stress have been 
characterised by complex debates (Pacak & Palkovits, 2001). Selye (1936) 
defined stress as a non‐specific response of the body to any demand upon it. 
Thus, in this scheme, different type of stress always elicits a similar physiological 
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response. Later biochemical analysis used to measure the level of  hormonal 
response to stress, revealed that the physiological response is much more 
variable than Selye assumed (Mason, 1971). However, stress may be classified as 
a stimulus, a response or a dynamic relationship between the organism and his 
environment ( Brantley& Thomason, 1995). It is proposed that stress refers to a 
dynamic process in terms of relationship between the organism and his external 
environment, where stress is neither an environmental stimulus nor a 
physiological, behavioural or psychological response, but rather a relationship 
between environmental demands and the ability to deal with them. Thus, stress 
is seen as a transaction between individual and environment. In other words, 
the environment provides the initial stimulus, but the key determinants of stress 
are the way the individual perceives the environment and his ability to cope with 
the stress (Lazarus & Folkman, 1984).  
The complexity revolving around the concept of stress makes it difficult to find a 
unique stress definition. By the 1980s, a new era of stress understanding has 
emerged; this new understanding explains stress as neural and hormonal 
responses. Hence, it is more useful and applicable to examine the new 
understanding of stress and adopt it in this study.  
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Current stress definition 
 
After  the discovery of corticotrophin‐releasing hormone  (CRH)  that  is  secreted 
by the paraventricular nucleus (PVN) of the hypothalamus (Vale, Spiess, Rivier, & 
Rivier,  1981),  the  neurohormonal  response  patterns  to  stress  have  been 
intensely  investigated  in  both  animals  and  humans  (Chrousos  &  Gold,  1992; 
Gold,  Goodwin,  &  Chrousos,  1988  a  &  b;  Lazarus  &  Folkman,  1984  ).  These 
studies suggested  that  two principal components  in  the hypothalamus and  the 
brainstem mediate  the  stress  response: 1)  the CRH‐neurons,  and  2)  the  locus 
coeruleus‐norepinephrine/sympathetic system.  
 
An  increased  or  decreased  activity  in  this  ‘stress  system’  produces  abnormal 
levels  of mainly  cortisol,  norepinephrine  and  epinephrine,  and  contributes  to 
stress‐related health disorders (Epel et al., 2000; Kosten, Mason, Giller, Ostroff, 
& Harkness, 1987; Rosmond, 2005; Vogelzangs  et al., 2007). The neurohormonal 
response will be examined in more detail later in this thesis. Following a similar 
paradigm, Sterling and Eyer  (1988) applied  the  term “allostasis”, which means 
“achieving stability” or homeostasis through change, i.e., the body has the ability 
to  increase  or  decrease  vital  functions  to  changing  demands. McEwen  (1998) 
introduced  the  term  “allostatic  load”  to  indicate  the  long‐term  effects  of 
repeated disruptions to homeostasis due to repeated or chronic stress, resulting 
in a drift of the equilibrium towards levels that can predispose disease. Based on 
the  above work  of  Chrousos  and Gold  (1992), McEwen,  (1998)  and  Rosmond 
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(2005) suggested the following stress definition: “Stress is a state of threatened 
homeostasis,  and  chronic  stress  is  the  long‐term  repeated  disruption  of  a 
homeostatic  system”,  a  definition  most  fitting  for  use  in  this  study.  This 
definition  is most  fitting  for  use  in  the  current  study,  as  its  goal  to  link  the 
chronic stress and the hormonal disruption to MtS. which we will explain later in 
this thesis. 
Stress and Stressors  
 
The term “stress” has often been used in a confused manner to mean “stressor” 
in the medical and scientific literature. It has been wrongly used to indicate the 
causative agent of stress  (Selye, 1956).  In what  follows, “stressor” will be used 
when  referring  to  the  cause of  stress, while  the word  “stress” will be used  to 
indicate the response to stressor (Holmes, 1994). 
 
Stressors can be categorised according to the stressor nature or duration. 
Physical stressors include cold, heat, infection, physical deprivation and pain. 
Which may have positive or negative consequences on people’ physical or 
psychological wellbeing (Pacak & Palkovits, 2001). Whereas psychological 
stressors reflect a learned response to previously experienced adverse 
condition, and may affect person’s emotional processes, which may lead to 
anxiety and fears. Social stressors reflecting disturbed interactions among 
individuals, include unemployment, and divorce (Pacak & Palkovits, 2001). Such 
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stressors may threaten cardiovascular and metabolic homeostasis (Van de Kar & 
Blair, 1999; Pacak & Palkovits, 2001). 
 
 Stressors from complex life events are those such as adversity in relationships, 
health, work, finances, and social structure (Rosmond, 2005). Specifically, 
work‐related stress may adversely affect physical health (Leka & Jain, 2010). 
Work Effort‐Reward imbalance is a serious form of psychological work‐related 
stress, since workers may feel under‐compensated for their efforts, and this 
psychological stress may compromise workers health and wellbeing over the 
long term (Siegrist, 1996; 2005). In terms of duration, stressors can be divided 
into two main categories: 1) acute , being of single, intermittent, and 
time‐limited exposure, and 2) chronic which is prolonged and continuous 
exposure to  stressors (Pacak & Palkovits, 2001). 
Stress response  
 
Life  exists  by  maintaining  homeostasis  that  is  constantly  challenged  by  the 
intrinsic  or  extrinsic  stressors  (Chrousos & Gold,  1992).  The  human  body  and 
mind  react  to  stress  by  activating  physiologic  adaptive  responses  in  order  to 
maintain homeostasis.  If  the  response  is  inadequate and/or prolonged, health 
problems may result (Charmandari, Tsigos, & Chrousos, 2005). Regulation of the 
adaptive physiological stress response involves two pathways: the sympathetic‐
adrenal‐medullary (SAM) axis and the hypothalamic‐pituitary‐adrenal (HPA) axis 
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(Gold  et  al.,  1988  a &  b).  Stress  responses  of  both  (HPA  and  SAM)  axes  are 
outlined in the following sections. 
 
The sympathetic‐adrenal‐medullary (SAM) axis 
 
The acute response to stress, which usually lasts a few minutes, consists of SAM 
activation (Henry, 1992). This response is commonly referred to as the "fight or 
flight" response described by Walter B. Cannon (1929). Through the 
hypothalamus and the sympathetic nervous system, stress stimulates the 
adrenal medulla to secrete the two catecholamines, epinephrine and 
norepinephrine, into the blood stream (Mason, 1968) . These hormones regulate 
rapid and short, acute responses (Esler et al., 1990). The SAM system activates 
the cardiovascular and neuroendocrine functions through increases in blood 
glucose level, heart rate, respiration rate and metabolism, and dilation of the 
pupils (Krantz & Manuck, 1984). These changes allow energy to be used rapidly ‐ 
more energy is taken up by muscles, which is what the organism needs to face 
an alarming situation triggering a "fight or flight response". 
 
The hypothalamic–pituitary–adrenal (HPA) axis 
 
The HPA axis is mainly involved in the long‐term stress response. When the brain 
detects a stressor, the hypothalamus releases CRH (Miller & O'Callaghan, 2002). 
CRH stimulates the secretion of adrenocorticotropin hormone  (ACTH)  from the 
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anterior  pituitary  gland.  ACTH  then  circulates  to  the  adrenal  glands  and 
stimulates the release of glucocorticoid steroid hormones including cortisol. 
 
 
Cortisol  has many  crucial  roles  and  its  secretion  is  affected  by many  factors. 
Cortisol is involved in learning, memory, and emotions. In the metabolic system, 
cortisol  regulates  glucose  storage  and  utilization.  In  non‐stressful  situations, 
cortisol secretion has an ACTH‐dependent circadian  rhythm with a peak  in  the 
early morning and a nadir at night (Krieger, 1975). These diurnal variations are 
moderated by changes in lighting, feeding schedules, activities and stress (Tsigos 
& Chrousos, 2002). Increased levels of cortisol in the circulation act as a negative 
feedback  (inhibitory  mechanism)  on  the  hypothalamus.  Consequently,  the 
hypothalamus  decreases  cortisol  secretion  through  inhibiting  the  secretion  of 
ACTH (Miller & O'Callaghan, 2002) . 
 
 
A balance, regular response pattern of the HPA system is a prerequisite for body 
successful  response  to  stressor  (O’Connor,  O’Halloran,  &  Shanahan,  2000). 
General findings from many studies suggest that chronic stress  is accompanied 
by  a  dysregulated  pattern  of HPA  hormone  secretion  (Bjorntorp &  Rosmond, 
1999; Rozanski et al, 2005). 
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Repeated activation of the HPA axis in response to frequent or chronic stress has 
been noted to have serious pathological complications; CVD  ,T2DM and central 
obesity  (Rosmond & Björntorp, 2000  ;Tsigos & Chrousos, 2002), which will be 
discussed later. 
Stress coping 
 
Coping  refers  to cognitive and behaviours activities  that  individual use  to deal 
with  the  demands  of  a  situation  appraised  as  stressful,  and  that  protect  the 
individual  from  psychological  harm  (Lazarus  &  Folkman,  1984;  Folkman  & 
Moskowitz,  2004).  Cognitive  coping  efforts  are  mental  processes  of  how  a 
person  appraises  the  situation  in  terms  of  the  level  of  stress  and  the  coping 
strategies  that  the  person  should  adopt  (Lazarus  &  Folkman,  1984).  The 
behavioural coping strategy, however, refers to the physical activities that deal 
with  stressors.  Both  of  these  efforts  may  either  heighten  or  lessen  the 
psychological distress.  
 
 
Strategies and style of coping 
 
There are two main approaches to the concept coping; one examines the coping 
strategies, and the other the coping foci or styles. There are two main groups of 
coping  strategies:  problem‐focused  and  emotion‐focused.  The  first  aims  to 
modify  the  stressful  situation.  The  second,  however,  aims  to  emotionally 
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accommodate  the  stressful  situation  (Parker  &  Endler,  1996).  As  the  stress 
responses are directed at managing or reducing the feeling of distress, a person 
may use both strategies when facing a stressor. Both strategies are not opposed 
to each other, on the contrary, they are often used together (Aldwin, 1999). 
 
There are a number of types of coping styles: the approach‐type and the 
avoidance‐type. The approach‐type deals with the problem directly and the 
avoidance‐type avoids dealing with the problem (Moos, Brennan, Fondacaro, & 
Moos, 1990). Though their focus is different, both approach‐type and avoidance‐ 
type coping use cognitive and behavioural methods to address the stressful 
situation (Gentry & Kobasa, 1984). The approach‐type has been associated with 
positive health outcomes whilst the avoidance‐type has been associated with 
negative health outcomes (Penley, Tomaka, & Wiebe, 2002).  
The approach‐type has been associated with positive health outcomes in 
chronically ill patients and has alleviated depression and pain (Smith, Lumley, & 
Longo, 2002. The avoidance‐type has been associated with negative health 
outcomes with worsened depression and pain (Patterson et al., 1993; Penley, 
Tomaka, & Wiebe, 2002; Rowland & Massie, 1998). Selye (1974) described the 
stress response as an “eustress” and “distress” that is based on how a person 
perceives the stressor; a 'eustress' is a positive psychological response to a 
stressor, whereas ‘distress’ is a negative psychological response  (Simmons & 
Nelson, 2001). 
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The impact of coping on the psychological and physiological responses 
 
Coping  strategies  can  shape  psychological  responses  in  different  ways.  The 
psychological coping  responses can be  reflected  in  the  form of anger, anxiety, 
guilt,  sadness,  happiness,  threat  and  challenge.  According  to  Lazarus  and 
Folkman  (1984),  in  the presence of a  stressor, a person undertakes a primary 
appraisal of the potential threat. This primary appraisal is a judgment about the 
significance  of  an  event  as  stressful,  positive,  controllable,  challenging  or 
irrelevant.  A  secondary  appraisal  follows, which  is  an  assessment  of  person’s 
coping  resources  and  options  (Cohen,  1984)  from which  the  person  chooses 
accordingly.  
 
Personal differences can affect coping responses. There is a general recognition 
that  person‐variations  exist  in  responses  to  stressful  situations  (Lazarus  & 
Folkman, 1984; McEwen, 1998). Some of the personal variations that have been 
examined in the literature in relation to stress responses were genetic variations 
(Mickey et al., 2011; Zhou et al., 2008), sex and ethnicity (Myers, 2009). 
 
Persons  differ  regarding  the  stress  coping  skills,  attitudes  and  behaviour  they 
have  learned  through  life. These differences  influence  the  level and pattern of 
the stress response. A person with excellent coping skills  is  likely to experience 
less severe acute stress reactions, and by so doing will experience  lesser risk of 
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stress‐related disease outcomes (Lazarus & Folkman, 1984). Persons with Type A 
behaviour  (impatience,  aggressiveness)  pattern  have  been  shown  to  exhibit 
significantly greater psychological and physiological stress reactions and risk for 
stress‐related  illnesses  than  their  Type  B  counterparts  (apathetic,  patient, 
relaxed) (Friedman & Rosenman, 1974). Furthermore, a person’s socioeconomic 
status  and  the  social  support  system  are  factors  influence  his  responses  to 
stress.  Persons with  a  low  socioeconomic  status  have  been  shown  to  exhibit 
greater  stress  responses  than  those  having  a  higher  socioeconomic  status 
(Steptoe et al., 2003).  
 
The person who is socially supported exhibits less acute stress response and has 
better  long‐term  health  outcomes  (Kamarck, Manuck, &  Jennings,  1990;  Von 
Dawans,  Fischbacher,  Kirschbaum,  Fehr, & Heinrichs,  2012).  The  frequency  of 
annual leisure time activities and vacations has been found to be associated with 
a reduced risk of all‐cause mortality (Gump & Matthews, 2000). Persons who are 
physically active have been found to have no increase in the incidence of illness 
during times of high stress (Brown & Siegel, 1988). 
 
Coping is a multifaceted process, where physiological responses overlap 
psychological reactions. Any threat a person perceives in the environment 
triggers a chain of neuroendocrine responses, which are the SAM and the HPA 
response explained above.  The final effectors of the SAM response are the 
catecholamines and the final effecter of HPA is cortisol. A lack of coping 
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recourses to chronic stress leads to prolonged secretion of cortisol, and in turn 
results in many health complications. The complications of excessive secretion of 
cortisol  include dysregulation of glucose metabolism,  insulin‐resistance 
(Amatruda, Livingston, & Lockwood, 1985), and central obesity development 
(Rosmond, Dallman, & Bjorntorp, 1998). In addition, the final products of SAM 
(catecholamine) and HPA (cortisol) induce an inflammation reaction such as 
C‐reactive protein production (Black, 2002, 2003; Gabay & Kushner, 1999; 
Rosmond et al., 1998). 
 
In  summary,  coping  is  a  complex  process,  which  comprises  a  response  to  a 
stimulus. This  response  is highly dependent and variable  in  that  it depends on 
the context of the stress. Coping has alternative pathways and in which take the 
form of psychological and physiological responses. 
Stress assessment 
 
 
Evaluation of stress can be achieved by various methods. Self reported 
questionnaires are by far the most common method of stress assessment tool 
(Beck, 2012).  In this thesis, three self‐reported stress questionnaires have been 
translated into Arabic and validated: the Perceived Stress Scale (PSS‐14), Effort‐
Reward Imbalance questionnaire (ERI), and the Pittsburgh Sleep Quality Index 
(PSQI). The three questionnaires have been used in two of the thesis studies 
investigating the association of stress with health disorders. 
                     
-21- 
 
 
Work‐related stress assessment (Effort‐Reward Imbalance Questionnaire) 
 
The adverse physical health effects of psychosocial stress in the workplace has 
mainly been investigated through two theoretical models: the demand‐control 
model (Karasek, 1979; Karasek & Theorell, 1990) and the Effort‐Reward 
imbalance model (Siegrist, 1996). The demand‐control model emphasises 
psychological demands of work and job control by the individual, where a high 
demand job with little control produces job strain. The Effort‐Reward imbalance 
model, on the other hand, assesses three aspects of work stress: “Effort”, 
“Reward” and “Over commitment.” It is based on the notion of social reciprocity 
whereby effort is reciprocated by socially defined reward. Effort represents the 
job demands and/or obligations that are imposed on the employee, while 
reward includes such things as salary, bonuses, esteem, job security and career 
opportunities. The Effort‐Reward imbalance model claims that a lack of 
reciprocity between effort and reward at work, with high effort and low reward, 
elicits sustained stress reactions. In addition, the model assumes that such 
distress will be higher in more over‐committed employees than in less over‐
committed employees.  
Whilst the demand‐control model emphasizes task‐level control, the Effort‐
Reward imbalance model emphasizes employees’ rewards (Tsutsumi & 
Kawakami, 2004). Thus the Effort‐Reward imbalance has advantages over the 
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demand‐control model, since it focuses attention on stressors such as payment 
adequacy, job insecurity, job changes and job promotion prospects (Griep et al., 
2009).  
The Effort‐Reward Imbalance Questionnaire consists of 23 items measuring 
work Effort, Reward and Over commitment, and many studies have supported 
its validity for evaluating stress in the working environment (Tsutsumi & 
Kawakami, 2004; Unterbrink et al., 2007). Employees who scored high on the 
questionnaire were at higher risk of health disorders (Bosma, Peter, Siegrist, & 
Marmot, 1998; Dragano, Knesebeck, Rödel, & Siegrist, 2003; Wada et al., 2007). 
 
At time of conducting the current study there was no evaluated Arabic version 
of ERI, and therefore the ERI English version questionnaire (Siegrist et al., 2004) 
was translated into the Arabic language and validated (see  
for the Arabic ERI). Later in this dissertation there is a published report on the 
development of a translated Arabic version of the ERI, together with testing for 
reliability and validity. 
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      Global perceived stress assessment (Perceived Stress Scale) 
 
The Perceived Stress Scale (PSS‐14) of Cohen, Kamarck, & Mermelstein (1983) 
has been chosen for this project because it is a global measure of stress, and the 
most widely used psychological instrument for measuring the perception of 
stress (Cohen, 1986). It is a measure of the degree to which situations in one’s 
life are appraised as stressful. The PSS‐14 items were designed to gauge how 
unpredictable, uncontrollable, and overloaded respondents find their lives. The 
scale also includes a number of direct queries about current levels of 
experienced stress. The PSS was designed for use in community samples with at 
least a junior high school education. The items are easy to understand, and the 
response alternatives are simple to grasp. Moreover, the questions are of a 
general nature and hence are relatively free of content specific to any 
subpopulation group. The questions in the PSS ask about feelings and thoughts 
during the last month. 
 
 At time of conducting the current study there was no evaluated Arabic version 
of PSS‐14, and in the current study, the PSS‐14 English version questionnaire 
(Cohen et al., 1983) was translated into the Arabic language and validated (see 
Appendix C for the Arabic PSS). Later in this dissertation there is a published 
report about the development of a translated Arabic version of the PSS‐14, 
together with testing for reliability and validity. 
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Sleep quality assessment (Pittsburgh Sleep Quality Index questionnaire) 
 
Work stress has been associated with sleep‐related problems (Knudsen, 
Ducharme, & Roman, 2007). Sleep quality is significantly related to the 
metabolic syndrome and several of its core components (Jennings, Muldoon, 
Hall, Buysse, & Manuck, 2007) , and it is also reported that disturbed sleep is 
associated with increased inflammation reactions (Okun, Coussons‐Read, & Hall, 
2009). In the current study we have assessed sleep quality using a self‐reported 
global sleep quality index ‐ the Pittsburgh Sleep Quality Index (PSQI) (Buysse, 
Reynolds, Monk, Berman, & Kupfer, 1989). The PSQI is a 19‐item questionnaire 
about sleep quality in the previous month. The total scores of all items are 
computed to generate 7 component scores with subscale scores of 0 to 3 for the 
7 components: sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleep medications, and daytime 
dysfunction. The sum of responses of all 7 components yields a global score of 
sleep quality. A subject with a global PSQI score greater than 5 is considered to 
be a poor sleeper, and a subject with a value of ≤ 5 is considered to be a good 
sleeper (Buysse et al., 1989).  
 
At the time of conducting this study there was no evaluated Arabic version of 
PSQI, and therefore in this study, the PSQI English version questionnaire ( Buysse  
et al., 1989) was translated into the Arabic language and validated (see  
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Appendix C for the Arabic PSQI).  Later in this dissertation there is a published 
report about the development of a translated Arabic version of the PSQI, 
together with testing for reliability and validity. 
 
WORK‐RELATED STRESS AND MtS 
 
Work‐related stress may adversely affect physical health (Leka & Jain, 2010). 
Evidence from the Whitehall II study (n=1038, follow‐up 14 years) found that 
employees with chronic work stress were more than twice as likely to have the 
MtS than those without work stress (Chandola, Brunner, &  Marmot, 2006). 
Further evidence from the Whitehall II study (n=5,895) has also indicated that 
psychosocial work stress was an independent predictor of T2MD after a 15‐year 
follow‐up (Heraclides, Chandola, Witte, & Brunner, 2009) 
 
Effort‐Reward imbalance (ERI) (Siegrist, 1996) is a serious form of work stress, 
where the worker feels under‐compensated for their effort. There is growing 
evidence that stress associated with ERI may cause major life‐threatening and 
disabling diseases, such as cardiovascular disease (Kivimaki et al., 2002; Kuper, 
Singh‐Manoux, Siegrist, & Marmot, 2002) and T2DM  (Kumari, Head, & Marmot, 
2004). A high level of ERI has also been found to be associated with components 
of the MtS, namely hypertension (Peter et al., 1998), high BMI (Kivimaki et al., 
2002), increased triglyceride level (Fan et al., 2009), and high fasting glucose 
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(Kumari et al., 2004). The underlying basis for these observations is that stress 
activates both the HPA and the SMA (Rosmond, 2005).Altered activity of both 
these axes predisposes to increased risk of developing MtS with its main 
component being abdominal central obesity (Bjorntorp & Rosmond, 2000). The 
two axes, however, act through separate pathways, one through 
hypercortisolemia, the other through cytokines and inflammatory reactions 
(Bellingrath, Weigl, & Kudielka, 2009; Black, 2003; Gold  et al., 1988 a & b; 
Sternberg, Chrousos, Wilder, & Gold, 1992; Yudkin, Stehouwer, Emeis, & 
Coppack, 1999).  
The first  pathway involves cytokines that induce acute phase proteins, such as 
C‐reactive protein (CRP) (Gabay & Kushner, 1999). CRP, one of the best‐
characterized systemic inflammatory biomarkers, may interfere with insulin 
signalling and down‐regulate corticosteroid‐binding globulin, resulting in 
increased free cortisol levels and consequentially insulin resistance as well as 
other manifestations of MtS (Hotamisligil et al., 1996). Furthermore, 
proinflammatory cytokines inhibit lipoprotein lipase activity and increase the 
concentration of non‐esterified fatty acids, contributing to dyslipidemia and 
insulin resistance (Perry, Sattar, & Petrie, 2001). 
The second pathway through hypercortisolemia involves increases in cortisol 
levels. Elevated cortisol levels increase glucose production within liver cells 
resulting in hyperglycemia. In addition, increased cortisol levels inhibit insulin 
secretion from pancreatic β‐cells, as well as inhibit muscle glucose uptake. These 
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effects lead to impaired glucose tolerance and insulin resistance(Lambillotte, 
Gilon, & Henquin, 1997). Cortisol also stimulates the breakdown of stored 
triglycerides in the adipose tissue, resulting in an increase in free fatty acids in 
the plasma. A higher level of free fatty acids prevents the release of insulin, 
further worsening glucose intolerance and insulin resistance (Rosmond, 2005). 
Density of cortisol receptors is higher in intra‐abdominal (visceral) fat than in 
other fat deposits, and the activity of cortisol in fat accumulation is accentuated 
in visceral adipose tissue (Bjorntorp& Rosmond, 2000 ; Salehi, Ferenczi, & 
Zumoff, 2005), suggesting a mechanism by which excessive cortisol accelerates 
abdominal obesity (Qi & Rodrigues, 2007). 
 
 The relationship between stress and inflammation markers such as CRP, is 
observed mostly among subjects with central obesity (Shen, Farrell, Penedo, 
Schneiderman, & Orth‐Gomer, 2010). Central obesity amplifies the release of 
proinflammatory cytokines (Kern et al., 2001), In humans, high stress in the form 
of ERI (Bellingrath et al., 2009), life stresses and mood disturbance (Lutgendorf  
et al., 1999), activate both HPA and SMA with increased production of 
proinflammatory cytokines (Black, 2002). In turn, cytokine‐induced acute phase 
proteins such as C‐reactive protein (CRP) (Gabay & Kushner, 1999), which 
imposes an inflammatory response that contributes to the pathogenesis of MtS 
(Laaksonen et al., 2004). Previous reports showed that the association between 
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stress and inflammation was observed mostly in subjects with central obesity 
(Shen et al., 2010). 
Little attention has been given to the effect of chronic work stress in a normal 
work environment on the inflammatory process in men (Hamer et al., 2006). 
There have been only a few studies that investigated the association between 
ERI and CRP. A cross‐sectional study of German school teachers with high ERI 
showed significantly higher CRP compared to teachers with low ERI (Bellingrath 
et al., 2009). Furthermore, individuals with a high ERI had an increased plasma 
level of CRP following a mental stress task compared to those with a low ERI 
(Hamer et al., 2006). Following the commencement of this thesis work, a few 
studies conducted in Jordan that investigated work‐related stress and its impact 
on the quality of life of Jordanians have emerged. A strong association between 
work stress and general physical health (using self‐report questionnaires) has 
been found in these studies (AbuAlRub & Al‐Zaru, 2008; Hamaideh, 2012). There 
was no published study investigating work‐related stress and its impact on a 
particular physical health problem such as the metabolic syndrome and its core 
components within Jordanian cohorts. On the other hand, recent studies have 
shown a high prevalence of metabolic syndrome (>37%) within Jordanian 
cohorts (Khader  et al., 2007; Yasein & Masa'd, 2011) 
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SUMMARY 
 
 
This thesis explores the relationship between work‐related stress and MtS. The 
MtS is a cluster of metabolic risk factors of abdominal obesity, elevated fasting 
plasma glucose, insulin resistance, high cholesterol and high blood pressure 
(Alberti & Zimmet, 1998; IDF, 2005). Work stress may be associated with ill 
health when the stress response is inadequate (Charmandari, Tsigos, & 
Chrousos, 2005). Prolonged work‐related stress activates both HPA and SAM 
axes (Gold et al., 1988 a & b). These two axes act through separate pathways, 
one through hypercortisolemia, the other through cytokines and inflammatory 
reactions (Bellingrath, Weigl, & Kudielka, 2009; Black, 2003; Gold et al., 1988 a & 
b; Sternberg, Chrousos, Wilder, & Gold, 1992; Yudkin, Stehouwer, Emeis, & 
Coppack, 1999). Stress‐related hypercortisolemia has been associated with MtS 
components such as abdominal obesity and glucose intolerance (Bjorntorp & 
Rosmond, 1999). High work‐related stress levels induce low grade inflammatory 
responses with increased production of proinflammatory cytokines (Bellingrath 
et al., 2009, Black, 2002). Subsequently, these cytokines induce an increase in 
CRP production (Gabay & Kushner, 1999). This increase in CRP is thought to 
contribute to the pathogenesis of MtS (Laaksonen et al., 2004). 
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Until now, there has been no study that has simultaneously investigated the 
association of both the hypercortisolemia and the inflammatory response 
measured by CRP in the development of MtS. Thus, we propose that: (1) work 
stress increases the inflammatory response involving CRP, and (2) stress 
increases the stress hormone cortisol and initiates an inflammatory reaction 
involving CRP, which in turn increases the risk of MtS.  
This research project will provide an original approach to understanding the 
pathways of how both the cortisol and inflammation changes may contribute to 
MtS under conditions of high work stress. 
We translated into Arabic, and validated questionnaires of  the ERI (Siegrist, 
1996) and PSS‐14 (Cohen et al., 1983) to determine work‐related stress, and the 
PSQI (Buysse et al., 1989) to evaluate sleep disturbance. These questionnaires 
were used to conduct these studies in a sample of Jordanian worker population.   
 
THESIS AIMS AND HYPOTHESES 
 
Aim 1:  To translate and validate the ERI, PSS‐14 and PSQI questionnaires. 
Aim 2: To examine the association of work stress and CRP in Jordanian male 
workers. 
Hypothesis: Work‐related stress is positively associated with CRP. 
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Aim 3: To examine the associations between work‐related stress, cortisol, CRP 
and MtS. 
Hypotheses: 1) Work‐related stress is positively associated with 
hypercortisolemia, high CRP, and MtS. 2) Work‐related stress and its resulting 
hypercortisolemia and augmented CRP, synergistically contribute to the 
development of MtS in middle‐aged Jordanian workers.  
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                                                        CHAPTER 2 
                                                        STUDY ONE 
AN ARABIC VERSION OF THE PERCEIVED STRESS SCALE: TRANSLATION     AND 
VALIDATION STUDY 
A B S T R A C T 
Background: The Perceived Stress Scale has been designed to measure the 
degree to which situations in a person’s life are perceived as stressful. 
Objective: The paper describes the development of an Arabic version of the 
Perceived Stress Scale. 
Design: A translation process with cross‐cultural considerations, and statistical 
evaluation of scale reliability and validity were employed to produce an Arabic 
version of the Perceived Stress Scale. 
Settings: Participants were asked to complete the Arabic version Perceived 
Stress Scale twice in their homes. 
Participants: The Jordanian study population for the Arabic version Perceived 
Stress Scale validation consisted of 126 volunteers (74 male, 52 female). Ninety 
participants completed the scale twice (55 male, 35 female), of whom 58 were 
high schools teachers and 32 technical workers. Arabic was the first language of 
all participants and all gave informed consent. 
Results: The Arabic version Perceived Stress Scale reliability and validity were 
evaluated. The suitability of data for factor analysis was assessed with 
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acceptable results. The factorial factor analysis showed two factors with 
eigenvalues greater than 1.0 (45.0% of variance). The Cronbach’s alpha 
coefficients were 0.74 (Factor 1), 0.77 (Factor 2) and 0.80 for the Arabic version 
Perceived Stress Scale overall. The test–retest reliability had an intra‐correlation 
coefficient of 0.90. 
 
Conclusions: The Arabic version Perceived Stress Scale showed an adequate 
reliability and validity. Therefore, the Arabic Perceived Stress Scale is considered 
a suitable instrument to assess perceived stress in Arabic people 
 
INTRODUCTION 
Stress may be considered a stimulus, a response or an interaction process 
between the individual and his environment (Brantley& Thomason, 1995).  
Lazarus (1999) and Lazarus and Folkman (1984) take the latter view that 
psychological stress is a dynamic interaction between the individual and his 
environment, and they proposed that stress is neither an environmental 
stimulus nor a psychological response, but rather a relationship between 
environmental demands and the ability to deal with them. Thus, stress is seen as 
a transaction between individual and environment. In other words, the 
environment provides the initial stimulus, but the key determinants of stress are 
the way the individual perceives the environment and his ability to cope with 
the stress. Based on this transactional definition of stress, Cohen et al. (1983) 
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designed the Perceived Stress Scale (PSS) and later Levenstein et al. (1993) 
published the Perceived Stress Questionnaire (PSQ), which are self‐reported 
measures of the degree to which situations in an individual’s life are perceived 
as stressful. Both the PSS and PSQ have been translated into many languages 
and applied in different settings. We chose the PSS (14 items) to be translated 
and validated rather than the PSQ (30 items), since the PSS ‐14 is a validated 
questionnaire used more frequently in stress health studies (Lee, 2012). In 
addition, it has been translated into several other languages 
PSS items were designed to assess the degree to which individuals found their 
life unpredictable, uncontrollable, and overloaded. These issues have been 
repeatedly found to be central components of the experience of stress (Cohen 
et al., 1983). The PSS has been applied in a variety of studies including those 
linking stress to psychological or physiological disorders and depression 
symptoms (Chang, 1998); detecting the stress level of schizophrenia caregivers 
(Dyck , Short, & Vitaliano, 1999); assessing the stress level of HIV infected 
patients (Cruess et al., 1999); correlation between stress and increased 
susceptibility to respiratory diseases (Cohen et al., 1993); and also to the anti‐
inflammatory response (Song et al., 1999). 
 
The PSS assesses the level of perceived stress experienced over the previous 
month, and has three versions: the PSS‐14 (Appendix C), PSS‐10, PSS‐4 with 14, 
10 and 4 items respectively (Cohen et al., 1983). The PSS‐4 and 10 are the 
                     
-35- 
shorter versions of PSS‐14. The 14‐item version is more commonly used in 
health studies (see, for example, references on Macarthur Research Network on 
SES and Health (2008). Furthermore, since there is a tendency for the internal 
consistency to increase with increases in scale items (Pedhazur& Schmelkin, 
1991), we chose the PSS‐14 to be translated into Arabic and validated. 
The PSS‐14 has seven positive and seven negative items. The tool has 
demonstrated good reliability coefficients with Cronbach’s alpha ranging from 
0.75 to 0.91 (Cohen et al., 1983; Cohen & Williamson, 1988; Cole, 1999). The PSS 
has been translated into several languages including Spanish (Remor, 2006), 
Swedish (Eskin & Parr, 1996), Chinese (Lee & Crockett, 1994), and Japanese 
(Mimura & Griffiths, 2008). Thus, its application has particular value in cross‐
cultural studies, since it has been used in a wide range of cultures. While there 
has been one validation study of an Arabic version of the PSS‐10 (Chaaya , 
Osman, Naassan, &  Mahfoud, 2010), there is no evaluated Arabic version of the 
PSS‐14. This paper reports the development of a translated Arabic version of the 
PSS‐14 together with testing for reliability and validity. 
 
METHODS 
Perceived Stress Scale 
The Perceived Stress Scale has 14 items related to the level of perceived stress 
experienced over the previous month and measures the degree to which 
situations in a person’s life are perceived as stressful. Each item is answered on a 
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5‐point response giving a scale range of 0–56, with a high score representing a 
high perceived stress level. Theoretically the scale has two components; a 
positive perception component, which includes items (1, 2, 3, 8, 11, 12, and 14), 
and a negative perception component, which includes items (4, 5, 6, 7, 9, 10, 
and 13) (Cohen et al., 1983). 
Translators 
Professional translators were recruited through The National Accreditation 
Authority for Translators and Interpreters Ltd (NAATI) web site 
(www.naati.com.au). The translators were selected in accordance with the 
following criteria: (1) accredited by NAATI and (2) hold a postgraduate degree in 
translation. Non‐professional translators, which included bilingual academic and 
health professionals, were recruited through collegial contacts of the study 
coordinator and all worked within the Australian university system. Non 
professional, married couple translators were recruited through Arabic 
community centers in Australia. Each married couple had one native English 
speaker and one Arabic native speaker, who were educated in an English 
speaking country (Australia). Married couples were specifically chosen in an 
attempt to use simple language rather than classical Arabic language (Arabic 
Fus‐ha), which is used less frequently by the general public. 
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Translation 
The repeated forward–backward translation procedure was adopted (Meadows, 
Bentzen, & Touw‐Otten, 1997) for the translation of the PSS into Arabic. The 
process of producing the Arabic PSS version involved seven stages (Fig. 2.1). 
 
 Stage 1: English to Arabic translations 
 
 
Twelve people (three professional translators, three academics, and three 
married couples) were involved in Stage 1 of the Arabic PSS version. All 
translators were asked to avoid a literal translation and to ensure that the 
translation used simple language providing equivalence in the meaning of 
questions and rating scales. Each married couple had one native English speaker 
and one Arabic native speaker, who were educated in an English speaking 
country (Australia). The married couples worked as a team in translating the 
English version into Arabic. 
 
Stage 2: Arabic version (1) 
 
 
One of the authors (TA) and one health academic, both bilingual in Arabic and 
English, unified the nine Arabic translations produced from Stage 1 into a single 
translated version (Arabic version (1)). 
 
Stage 3: Arabic version (2) 
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Another couple, both bilingual health professionals one of them experienced in 
the use of psychological research studies within the Arabic community, and 
familiar in psychological terminology in both Arabic and English and not 
employed for Stages 1 or 2 compared Arabic version (1) to the English original. 
They evaluated the clarity of writing and equivalence in the meaning of 
questions and answers. Unclear or ambiguous Arabic expressions were modified 
to produce Arabic version (2). 
 
Stage 4: 1st back translation of Arabic to English  
 
 
A further two independent translators, one professional translator and one a 
bilingual health academic, both blind to the original English version, back‐
translated Arabic version (2) into English. 
 
Stage 5: Identification of discrepancies in back translation 
 
 
Two health academics (native English speakers) compared the original English 
version and the two back translated versions, and checked for equivalence in the 
meaning of scales, questions and the answer options. They identified 
discrepancies between the original and the back‐translated versions. 
 
 
Stage 6: Arabic version (3) 
 
To resolve the discrepancies identified in Stage 5, the author (TA) adjusted the 
Arabic expressions that were found to be ambiguous or unclear, using 
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alternative Arabic expressions from the nine translations produced in Stage 1, 
and resulting in Arabic version (3). 
 
Stage 7: 2nd back translation of Arabic to English 
 
 
One of the professional translators from Stage 4 was asked to do a back‐
translation into English a second time. Stages 5, 6, and 7 were repeated until all 
ambiguous and unclear statements were resolved and a final consensus version 
was obtained. See Appendix C for the final Arabic PSS. 
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Figure 2.1: Translation process  
2 English back-translations 
with identified problems 
Translation into Arabic by 3 
professional translators, 3 bilingual 
academics and 3 bilingual married 
couples
Comparison of back translations 
with the PSS version by 
2 health academics
English 
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
9 Arabic translations
Arabic version (1)
Arabic version (2)
2 English back-translations
Arabic version (3)
Back-translated English version
Discrepancies 
between back-
translation and PSS 
English version?
No
Yes
Unification of  9 Arabic 
translations by an author (TA) 
and one health academic
Comparison of Arabic version (1) 
with PSS version by 2 
bilingual health academics  
English 
Back translation of Arabic 
version (2) into English by 2 
professional translators 
Adjustment of Arabic expressions 
found to be problematic in Stage 5 
by author (TA)    
Back translation of Arabic 
version (3) into English by a 
professional translator      
English PSS 
version
Final Arabic 
PSS version
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Participants 
The study population for the Arabic PSS validation consisted of 126 volunteers 
(74 male, 52 female), of whom 101 were teachers and 25 were technical staff 
from three high schools located in the city of Zarka, Jordan. All subjects had at 
least a high school education certificate. Thirty‐six subjects were excluded 
because they did not answer all the Arabic PSS questions. Ninety participants 
completed the Arabic PSS twice (55 male, 35 female; mean age of 35.2 ±10.1 
years), of whom 58 were teachers and 32 were technical staff. Arabic was the 
first language of all participants and all gave informed consent. The study was 
approved by the Human Research Ethics Committees of The University of 
Sydney and Jordan University. 
 
Procedure 
We had sought permission only from the large schools in Zarka City, in terms of 
teacher and staff numbers. Three schools agreed to conduct our study in their 
schools. Flyers about the study and contact details of the study coordinator had 
been given to school staff, and where available, in tea rooms in the three 
schools. Study coordinator (TA) had attended the three schools and handed the 
questionnaires to subjects, who agreed to participate and who then signed a 
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consent form. Selection criteria included subjects who were school staff, more 
than 18 years old, with a minimum education of high school certificate level, 
willing to complete the questionnaires twice, as well as to answer some 
additional questions regarding the participant’s sex, age, education level and 
current job. Participants returned the questionnaire by mail or in person to the 
study coordinator during a subsequent weekly visit to the school (4 visits for 
each school). After an average of 14 days from the completion of the first 
testing, a second Arabic PSS questionnaire was given to each participant for 
completion. Confidentiality of participants was assured by the use of 
identification codes which were known only by one of the authors. 
Statistical analysis 
Internal consistency reliability was assessed by Cronbach’s alpha coefficient 
(Cronbach, 1951) and the item‐total correlation coefficient. Test‐retest reliability 
was assessed by the intra‐class correlation coefficient. The suitability of data for 
factor analysis was assessed by the (1) correlation between the scale items 
(Tabachnick & Fidall, 1996), (2) Kaiser–Meyer– Oklin (KMO) sample normality 
and adequacy measure (Kaiser, 1970, 1974), and (3) Bartlett’s test (Bartlett, 
1954). The principal component analysis (PCA) was conducted to examine the 
component structure of the 14 items of the Arabic PSS‐14. Three criteria were 
used for deciding the number of components to be retained for extraction and 
rotation. Components with high eigenvalues (>1.0) according to Kaiser’s 
criterion were extracted (Kiaser, 1974). The Cattell’s Scree plot (Cattell, 1966) 
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was used to produce a plot of each component’s eigenvalues, followed by graph 
inspection for a break point in the data, where the curve began to level. Data 
points above the break, having eigenvalue >1 were taken to be the components 
retained for extraction and rotation. Based on these two criteria, the potential 
number of components to be rotated was identified. These components were 
then rotated by the varimax rotation (Fabrigar, MacCallum,Wegener, & Strahan, 
1999). In addition, the contents of items essentially matched the previous 
loadings of items within the two components (positive perception items and 
negative perception) (Cohen et al., 1983). Items with loadings above 0.32 were 
assumed to load on a given component (Tabachnick & Fidell, 2001). The above 
methods of factor analysis using PCA, extraction method, rotation methods, and 
loading criterion were the same as those employed in a previous study that 
validated the PSS in Japanese (Mimura & Griffiths, 2008), and as described by  
and Pallant (2001). Data were analyzed using the Statistical Package for Social 
Science (SPSS) Version 17.0 (SPSS, IBM). 
RESULTS 
Table 2.1 shows the internal consistency and test–retest reliability of the Arabic 
PSS. Inspection of the strength of correlation between the 14 items revealed the 
presence of many correlation coefficients of 0.3 and above, which is considered 
adequate (Tabachnick & Fidall, 1996). The Kaiser–Meyer–Oklin value was 0.71, 
which exceeded the minimum recommended value of 0.60, and the Barlett’s 
test of sphericity reached statistical significance, p < 0.001 (Pallant, 2001). 
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Therefore, all assessment results supported the suitability of the study data for 
factorial analysis. 
Principal Components Analysis (PCA) revealed the presence of four components 
with eigenvalues exceeding 1, explaining 64% of the variance. An inspection of 
the Scree plot (Fig.2. 2) (Catell, 1966) revealed a break after the second 
component. Varimax rotation was performed and the rotated solution (Table 
2.2) revealed the presence of a simple structure (Thurstone, 1947). The rotated 
major two components explained 45% of the variance. Seven items of the scale 
represents positive perception (1, 2, 3, 8, 11, 12, and 14) loaded highly on the 
first component and explained 23% of the variance, while the other seven items 
(4, 5, 6, 7, 9, 10, and 13) represents negative perception loaded strongly on the 
second component and explained 22% of the variance. 
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Table 2.1: Mean scores (SD), range, Cronbach’s alpha coefficient, and intra‐
class correlation coefficients (ICC) for the Arabic PSS‐14. 
Mean (SD)  Range  Cronbach’s 
Alpha
ICC (95%CI) 
26.3 (8.2)  8‐47  0.80  0.90 (0.87‐0.93) 
 
 
Figure 2.2: Scree test for the Arabic PSS‐14 
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Table 2.2: Comparison of the varimax rotation of the two factor solutions for 
Arabic PSS‐14 and English PSS‐14  
  Varimax rotation of the Two 
Factor Solution for Arabic 
PSS‐14, n=90 
  Varimax rotation of the Two Factor 
Solution for English PSS‐14, n=96 
(adapted from Hewitt et al, 1992) 
Item  Component 
one (positive 
perception 
items) 
Component 
two (negative 
perception 
items) 
  Component 
one (positive 
perception 
items) 
Component 
two (negative 
perception 
items) 
1  0.63  0.02    0.74  0.03 
2  0.59  0.17 0.79 0.01 
3  0.68  0.11    0.80  0.14 
4  0.20  0.55    ‐0.27  0.68 
5  0.19  0.73 0.16 0.83 
6  0.05  0.65    0.34  0.65 
7  0.25  0.52    0.49  0.38 
8  0.60  0.18 0.66 ‐0.02 
9  ‐0.09  0.47    0.12  0.63 
10  ‐0.01  0.64    Not  reported 
11  0.66  0.16 0.55 ‐0.024 
12  0.54  0.21    Not  reported 
13  0.21  0.72    Not  reported 
14  0.55  ‐0.24 0.66 0.33 
Cronbach’s 
Alpha 
0.74  0.77    0.81  0.72 
 
 
 
 
 
                     
-47- 
DISCUSSION 
 
The PCA results indicated that the Arabic PSS items can be loaded on four 
components (factors). The Scree plot (Fig. 2.2) revealed a break after the second 
component. Based on PCA and Scree plot result, the first and second (the largest 
two) components were retained for extraction and rotation by the Varimax 
rotation method.  
The two component solution of the PSS were also adopted in other PSS versions: 
Japanese, Spanish, and English, and similar items loading on the two 
components have been reported as the Arabic PSS in the current study (Hewitt 
et al., 1992; Mimura & Griffiths, 2008; Ramirez & Hernandez, 2007). The varimax 
rotation showed that the Arabic PSS and the English PSS have almost the same 
loading except for item 7 (Table 2.2). 
In the present study, the Arabic PSS showed that the loading of positive and 
negative items is consistent with the original English PSS, except for the loading 
of item 7 (Table 2.2). However, the loading of Arabic PSS‐14 items, including 
item 7, is consistent with the versions in Japanese, Spanish and Hungarian 
(Mimura & Griffiths, 2008; Remor, 2006; Stauder & Konkoly¨ , 2006). Internal 
consistency of the Arabic PSS, assessed by the Cronbach’s alpha coefficient of 
both components, was acceptable (0.74 and 0.77) and for the Arabic PSS‐14 
scale overall (0.80). These values are close to those for the widely used original 
English version which was from 0.80 to 0.86 (Cohen et al., 1983, Hewitt et al., 
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1992). These values show that the Arabic PSS‐14 and its components have good 
internal consistency. Additional test–retest reliability/ stability assessment was 
performed using intra‐correlation coefficient, which was high, reflecting high 
reliability of the scale (Table 2.1) (Gronblad et al, 1993). 
 
While there has been one validated Arabic version of the PSS‐10 (Chaaya et al., 
2010), up to now, there is no Arabic version of the PSS‐14. The current validated 
Arabic PSS‐14 provides an important tool for comparison with other 
ethnic/language groups, since the longer 14 item version is more commonly 
used in health studies (see, for example, references on Macarthur Research 
Network on SES and Health (2008)), Furthermore, the Arabic PSS‐14 has higher 
internal consistency, reliability and stability values than the Arabic PSS‐10, while 
having similar factorial analysis results. A concerted effort was made to produce 
an Arabic translation of the PSS with a wide range of translators involved in the 
process (married couples, professional translators, and academics with 
experience in psychological scales). The translation process had a balanced 
treatment of both linguistic and cross‐cultural considerations (Hambleton, 1994; 
Van de Vivjer & Hambleton, 1996). This was achieved by using three married 
couples with a native English speaker and an Arabic native speaker to discuss 
word meanings in the PSS and identify equivalent Arabic words. In addition, 
professional translators were used to further improve the translation from a 
linguistic point of view. Despite these steps having been taken, the influence of 
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cultural differences on both the experience of stress, and responses to it, cannot 
be eliminated.  
The 14‐day interval between test and retest has been used in the validation 
studies of Spanish and Chinese PSS versions (Remor, 2006; Yu& Ho, 2010). The 
wash‐out period is long enough that the participants do not remember their 
previous response to the scale items, yet not too long that their responses might 
change due to external factors (Flanagan, 2013). It is worth mentioning that 
there was a relatively high failure rate of returning the second questionaries 
(28% of the sample of whom 27 were teachers and 9 were technical staff). 
However, no obvious reasons for this were reported or found. However, a self‐
selective bias among the participants not completing the questionnaires twice 
cannot be ruled out. 
 
 A further study using a larger sample size is needed to assess the cross‐cultural 
validity of this scale using confirmatory factorial analysis as described by 
Beckstead et al. (2008). Future studies could also examine convergent validity by 
assessing correlations between Arabic PSS scores and other scales measuring 
perceived stress. In summary, this Arabic version of the PSS‐14 has good internal 
consistency and reliability. The factorial structure was similar to the PSS 
translated into other languages, and further establishes its value in cross cultural 
studies. We consider this Arabic version of the PSS a suitable instrument to 
assess perceived stress for Arabic people. 
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CHAPTER 3 
STUDY TWO 
AN ARABIC VERSION OF THE EFFORT‐REWARD IMBALANCE QUESTIONNAIRE: 
TRANSLATION AND VALIDATION STUDY 
 
 
ABSTRACT 
 
 
An Arabic version of the Effort‐Reward Imbalance Questionnaire was developed 
and validated through a translation process with cross‐cultural considerations. 
The translated questionnaire was evaluated for reliability and validity. A 
Principal Components Analysis was conducted following assessment of the 
suitability of data for factor analysis. Components with high eigenvalues were 
extracted, followed by varimax rotation. Three components with eigenvalues 
greater than 1.0 (50% of variance) were indicated. The analysis showed 
Cronbach's alpha coefficients of .82 for the Effort scale, .88 for the Reward Scale 
and .74 for the Over commitment scale. The test‐retest reliability was high with 
intra‐correlation coefficients of ≥.86. The Arabic version of the Effort‐Reward 
Imbalance Questionnaire showed adequate reliability and validity and is a 
suitable instrument to assess work stress in Arabic‐speaking people. 
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INTRODUCTION 
 
 
 
The adverse physical health effects of psychosocial stress in the workplace have 
mainly been investigated through two theoretical models: the demand‐control 
model (Karasek, 1979; Karasek & Theorell, 1990) and the Effort‐Reward 
imbalance model (Siegrist, 1996). The demand‐control model emphasises 
psychological demands of work and job control by the individual, where high job 
demand with little control over work produces job strain. The Effort‐Reward 
imbalance model, on the other hand, assesses three aspects of work stress: 
“Effort”, “Reward” and “Over commitment.” It is based on the notion of social 
reciprocity whereby effort is reciprocated by socially defined reward. Effort 
represents the job demands and/or obligations that are imposed on the 
employee, while reward includes such things as salary, bonus money, esteem, 
job security and career opportunities. The Effort‐Reward imbalance model 
claims that a lack of reciprocity between effort and reward at work with high 
effort and low reward, elicits sustained stress reactions (distress). In addition, 
the model assumes that distress will be higher in more highly over‐committed 
employees than in less over‐committed employees (Siegrist, 1996). 
Whilst the demand‐control model emphasizes task‐level control, the Effort‐
Reward imbalance model emphasizes employees’ rewards (Siegrist, 2001; 
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Tsutsumi & Kawakami, 2004). Thus the Effort‐Reward imbalance has advantages 
over the demand‐control model, since it has focused attention on stressors such 
as payment adequacy, job insecurity, job changes and job promotion prospects  
(Griep et al., 2009).  
The Effort‐Reward Imbalance Questionnaire consists of 23 items measuring 
work effort, reward and over commitment; many studies have supported its 
validity for evaluating stress in the work environment (Tsutsumi & Kawakami, 
2004; Unterbrink et al., 2007). Employees who scored high on the questionnaire 
were at higher risk of health disorders; CHD (Bosma et al., 1998), 
musculoskeletal discords (Dragano et al., 2003), and chronic fatigue syndrome 
(Wada, Sakata et al., 2007). 
 
In this study, the Effort‐Reward Imbalance Questionnaire, English version 
(Siegrist et al., 2004), was translated into the Arabic language and validated. The 
questionnaire has been translated into several languages including French 
(Niedhammer, Siegrist, Landre, Goldberg, & Leclerc, 2000), Japanese (Tsutsumi 
et al., 2001), Dutch (Hanson, Schaufeli, Vrijkotte, Plomp, & Godaert, 2000), 
Chinese (Li, Yang, Cheng, Siegrist, & Cho, 2005), Brazilian (Chor , Werneck, 
Faerstein, Alves, & Rotenberg, 2008), Thai (Buapetch, Lagampan, Faucett, & 
Kalampakorn, 2008) and Korean (Eum et al., 2007). ERI has particular value in 
cross‐ cultural studies due to its frequent usage in a wide range of cultures as 
compared to other measures. Nevertheless, there are an increasing number of 
studies that assess work stress within Arabic countries using the English version 
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of the questionnaire. Therefore, only those who understand written English 
could take part in those studies (Devreux, Jacquerye, Kittel, Almazrooa, & Al‐
Awa, 2012; Hamdan‐Mansour, Al‐Gamal, Puskar, Yacoub, & Marini, 2011). Such 
findings may not be generalized to the whole population, since those who 
understand English may be among higher socio‐economic groups with more 
education. Unfortunately, the research is limited by the fact that there is as yet 
no Arabic version of the Effort‐Reward Imbalance Questionnaire. This paper 
reports the development of a translated Arabic version of the Effort‐Reward 
Imbalance Questionnaire, together with testing for internal consistency 
reliability and validity. 
 
METHODS 
Effort‐Reward Imbalance Questionnaire 
 
The questionnaire consists of 23 items with three scales; 6 items measure Effort, 
11 measures Reward and 6 measure Over commitment (Appendix C). The items 
of the Effort and Reward scales are rated in two steps. In Effort and Reward 
scales, in a first step, the respondents are asked whether the item content 
describes a typical experience in their workplace. If the participants “disagree” 
with the content of the question then the item is scored 1. If the participants 
“agree”, then in a second rating step, they are asked to rate the distress 
associated with this experience by choosing one of four options: 2: I am not at 
                     
-54- 
all distressed, 3: I am somewhat distressed, 4: I am distressed or 5: I am very 
distressed. For the Over commitment scale, ratings are 1: Strongly disagree, 2: 
Disagree, 3: Agree, 4: Strongly agree. (Siegrist et al., 2004) 
A summary score is computed for each scale, which ranges between 6 and 30 for 
Effort, 11 and 55 for Reward, and 6 to 24 for Over commitment (reverse scoring 
Item 3; Strongly disagree=4, Disagree = 3, Agree = 2, Strongly agree=1). The 
Effort‐Reward ratio (ER ratio) is calculated by dividing the total Effort score by 
the Reward score with a correction factor for the different number of items in 
each scale: ER ratio = (Effort score/Reward score x 1.834) (Siegrist et al., 2004).  
 
Translation 
 
For the translation into Arabic, a repeated forward‐backward translation 
technique was used (Meadows et al., 1997). The translation process involved 
seven stages. It included professional translators, bilingual academics, bilingual 
married couples, and bilingual health professionals, which had been used in the 
validation of Arabic PSS‐14 (Almadi et al., 2012a), as described below in detail. 
 
Stage 1: English to Arabic translations. 
Translators were from different sectors: professional translators, academics, and 
married couples. All translators were instructed to use simple language in 
translating items and avoid the use of classical Arabic language (Arabic Fus‐ha), 
which is used less frequently by the general public. Each bilingual (English‐
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Arabic) married couple worked together on the translation as one team. The 
couples consisted of one Arabic native speaker and one English native speaker, 
and both were educated in an English‐speaking country (Australia). Each couple 
was instructed to discuss the item expressions and their meaning. Then the 
Arabic spouse was instructed to write down the Arabic translation resulting from 
this discussion.  
Stage 2: First Arabic version. 
The study coordinator (TA) and one university academic, both bilingual in Arabic 
and English, integrated the nine Arabic translations from Stage 1 into a single 
translated Version 1. 
Stage 3: Second Arabic version. 
Another two translators, both bilingual health professionals, not employed in 
previous translation stages, evaluated the Arabic Version 1 against the English 
original. Of these two translators, one was an experienced psychology 
researcher within the Arabic community and was familiar with Arabic and 
English psychology terminology. Both assessed the simplicity of writing and 
similarity in the meaning of questionnaire items and response options. Any 
problematic Arabic expressions were modified to produce the Arabic Version 2. 
 Stage 4: First back translation of Arabic to English. 
 Two independent translators, one professional translator and the other a health 
academic, who had not been employed in previous translation stages but who 
had not seen the original English version, were asked to back‐translate the 
Arabic Version 2 into English.  
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Stage 5: Identification of discrepancies in back translation. 
Two native English speakers, both health academicians, compared the two back‐
translated versions against the original English version, and checked for 
similarity in the meanings of the questionnaire items and the response options. 
They identified differences between the original and the back‐translated 
versions.  
 
Stage 6: Arabic version 3. 
To resolve the differences found in Stage 5, the first author (TA) changed the 
Arabic terms that were identified as problematic, using alternative Arabic terms 
from the nine translations formed in Stage 1, to produce Arabic Version 3.  
Stage 7: Second back translation. 
The same professional translator involved in Stage 4 was requested to carry out 
a back‐translation into English a second time. Previous Stages 5, 6 and 7 were 
repeated until all problems were resolved and a final agreed‐upon version was 
obtained (Appendix C). 
 
Participants 
 
We had sought permission only from the large schools in Zarka City, in terms of 
teacher and staff numbers. Three schools agreed to conduct our study in their 
schools. Flyers about the study and contact details of the study coordinator had 
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been given to school staff, and where available, in tea rooms in the three 
schools. 
Study coordinator (TA) had attended the three schools and handed the 
questionnaires to subjects, who agreed to participate and who then signed a 
consent form. Selection criteria included subjects who were school staff, more 
than 18 years old, with a minimum education of high school certificate level, 
willing to complete the questionaries twice, as well as answer some additional 
questions regarding the participant’s sex, age, education level and current job. 
Participants (N=126) agreed to be involved in the study (74 men, 52 women), 
with 96 participants (61 men, 35 women) completing the questionnaires twice. 
The participants (Males, mean age =35.1± 10 years) were teachers (81%) with a 
minimum qualification of diploma in teaching and technical staff (19%). The 
Human Research Ethics Committees of both The University of Sydney and Jordan 
University approved the study protocol. Written consent was obtained from all 
participants and school administrations.  
 
Procedure 
 
The participants completed the Arabic Effort‐Reward Imbalance Questionnaire 
and demographic questionnaires at home and returned them by mail or in 
person to the first author (TA). After a two‐week period, the participants 
repeated the process by responding to the same questionnaire for the purpose 
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of reliability testing. Confidentiality of participants was assured by the use of 
identification codes which were known only by study First Author (TA) 
 
Statistical Analysis  
 
Internal consistency reliability was assessed by Cronbach’s alpha coefficient 
(Cronbach, 1951) and the item‐total correlation coefficient. Test‐retest reliability 
was assessed by the intra‐class correlation coefficient. Prior to the factor 
analysis, the data were evaluated by performing correlations between the scale 
items (Tabachnick & Fidell, 1996). The Kaiser‐Meyer‐Oklin (KMO) sample 
normality and adequacy index was >0.6 (Kaiser, 1970, 1974) and Bartlett’s 
sphericity test (Bartlett, 1954).  
The Principal Component Analysis (PCA) was conducted to examine the 
component structure of the 23 items of the Arabic Effort‐Reward Imbalance 
Questionnaire. Three criteria were used for deciding the number of components 
to be retained for extraction and rotation. Components with high eigenvalues 
(>1.0) according to Kaiser’s criterion were extracted (Kiaser, 1974). The Cattell’s 
Scree plot (Cattell, 1966) was used to produce a plot of each component’s 
eigenvalues, followed by graph inspection for a break point in the data, where 
the curve began to level. The number of data points above the break 
represented the components retained for extraction and rotation. Based on 
these two criteria, the potential number of components to be rotated was 
identified. These components were then rotated by the varimax rotation 
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(Fabrigar et al., 1999). In addition, the contents of items essentially matched the 
previous loadings of items within the three components (Effort, Reward, and 
Over commitment) (Siegrist, 1996). Items with loadings above 0.32 were 
assumed to load on a given component (Tabachnick & Fidell, 2001). The above 
methods of factor analysis using PCA, extraction method, rotation methods, and 
loading criterion were the same as those employed in previous studies that 
validated the Effort‐Reward Imbalance Questionnaire in Japanese (Tsutsumi, 
Ishitake, Peter, Siegrist, & Matoba 2001), Brazilian (Chor et al., 2008), and 
Korean (Emu et al., 2007). Data were analyzed using the Statistical Package for 
Social Science (SPSS) Version 17.0 (SPSS, IBM). 
 
RESULTS 
 
Table 3.1 shows the mean values, standard deviations and range for each scale 
of the Effort‐Reward Imbalance Questionnaire for the sample. The Effort mean 
=15.3 (maximum = 30); Reward mean =21.3 (maximum =55), and the Over 
commitment mean =13.7 (maximum=24). The sample had low work‐related 
Reward scores, and the mean Effort‐Reward ratio was high (Mean = 1.48, SD = 
0.61). 
 
 
 
                     
-60- 
Table 3.1: Mean scores, standard deviations and range of scores for the three 
scales (N=96) 
 
Scale  M  SD  Range 
Effort   15.3  4.4  8.0‐27.0 
Reward   21.3  8.7  10.0‐46.0 
Over commitment  13.7  3.5  8.0‐22.0 
 
Inter‐correlations between the Effort‐Reward Imbalance Questionnaire items 
indicated many correlation coefficients above the threshold of .30, which is 
considered adequate. The Kaiser‐Meyer‐Oklin value of 0.76 exceeds the 
minimum suggested value of 0.60. Barlett’s test of sphericity was significant 
(p<.001) (Pallant, 2001).  
 
Internal consistency of ERI scales was assessed by item‐total correlations and 
Cronbach’s alpha coefficient. The results are given in Table 3.2. All item‐total 
correlations were above 0.3 and all the Cronbach’s alpha coefficients were 
higher than 0.7, suggesting considerable consistency of items contributing to 
their respective scales. It is worth to mention that multi‐co linearity has been 
inspected for items correlation, and there was no high items correlation(r>.8) 
(Hensher, 2005) or determinant greater than .00001, which indicated there was 
no multi‐co linearity (Field, Miles, & Filed, 2012). The test‐retest 
reliability/stability assessment as measured by the intra‐correlation coefficient 
(ICC) was high, reflecting good reliability (Table3.2). 
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Table 3.2:  Item‐total correlations and Cronbach’s alpha coefficients for the Arabic 
Effort‐Reward Imbalance Questionnaire (N=96), with summary item content. 
Scale  Item    Item–total 
correlations 
Effort      
              Cronbach’s alpha= .82, test‐retest ICC=.86 (95%CI=.80‐ .90) 
 
  ERI 1:  constant time pressure .65 
  ERI 2: interruptions and disturbances .68 
  ERI 3 : a lot of responsibility .59 
  ERI 4: pressured to work overtime  .51 
  ERI 5:  physically demanding .53 
  ERI 6: increasingly demanding .67 
               
Reward 
              Cronbach’s alpha= .88, test‐retest ICC=.87 (95%CI=.81‐ .91) 
 
  ERI 7: receive respect from superiors .56 
  ERI 8 :  receive respect from colleagues .42 
   ERI 9: supported in difficult situations .67 
  ERI 10: treated unfairly .61 
  ERI 11: poor job promotion prospects .76 
  ERI 12: expecting undesirable change  .64 
  ERI 13: poor employment security .57 
  ERI 14: position adequately reflects education and training .50 
  ERI 15: receive deserved respect and prestige .71 
  ERI 16: considering effort, adequate promotion prospects .57 
  ERI 17:  considering effort, adequate salary/income .48 
     
Over commitment  
              Cronbach’s alpha= .74, test‐retest ICC=.92 (95%CI=.88‐ .95) 
 
  OC 1: overwhelmed by time pressure at work .32 
  OC 2: think about work as soon as get up in morning .64 
  OC 3: at home, able to relax and “switch off” work .44 
  OC 4: people say I sacrifice too much for job .33 
  OC 5: work on my mind at bedtime .48 
  OC 6: deferred work task leads to trouble sleeping .65 
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The principal component analysis identified six components with Eigenvalues >1, 
which explained 26.3%, 14.2%, 10.3%, 6.1%, 5.1% and 4.4% of the variance, 
respectively. The scree plot showed a break after the fourth component (Figure 
3.1). In addition, the content of items matched the loadings of items within 
three components as reported in the original theoretical model of Siegrist 
(1996), so only the first three components were retained for the Arabic Effort‐
Reward imbalance questionnaire for rotation by the varimax method. 
 
Figure 3.1: Scree test for the Arabic ERI 
 
 
 
 
Break point 
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Table 3.3: Varimax rotation of three‐component solution for the Arabic version 
of Effort‐Reward Imbalance Questionnaire 
 
Item  Component 
one 
 
Component 
two 
 
Component 
three 
 
Communalities
h2 
ERI 1  .15   .79   .14  .66 
ERI 2  .17  .79  .14  .67 
ERI 3  .09  .74  ‐.19  .59 
ERI 4  ‐.20  .67  .22  .54 
ERI 5  .04  .64  .11  .42 
ERI 6  .09  .73  .04  .54 
ERI 7  .64  .02  .12  .43 
ERI 8  .54  .05  ‐.17  .32 
ERI 9  .69  .31  .09  .59 
ERI 10  .65  .25  .11  .49 
ERI 11  .79  .20  .08  .67 
ERI 12  .70  .12  .16  .53 
ERI 13  .69  ‐.11  .01  .49 
ERI 14  .54  .08  .29  .38 
ERI 15  .81  ‐.04  .05  .65 
ERI 16  .69  ‐.11  .02  .49 
ERI 17  .54  .16  .19  .35 
OC 1  .23  .37  .40  .35 
OC 2  .10  .06  .79  .64 
OC 3  .15  .20  .57  .39 
OC 4  .09  .16  .45  .24 
OC 5  .03  .16  .73  .56 
OC 6  .02  .08  .82  .68 
Total communality  6.05  3.26  2.36  11.67 
% of Variance   26.3  14.2  10.3  50.8 
 
Note.—Loadings with an absolute value >.32 are in boldface. Item OC1 has a 
notable cross‐loading (italics). 
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According to the varimax rotation (Table 3.3), 50% of the variance was explained 
by the three major rotated components. Effort items (ERI1 – ERI6) loaded on the 
second component and accounted for 16% of variance. Reward items (ERI7 – 
ERI14) loaded on the first component and accounted for 22% of variance. Over 
commitment items (OC1‐OC6) loaded strongly on the third component and 
explained 13% of the variance. Items ERI9 and OC1 had additional loadings on a 
second component (Table 3.3). 
 
DISCUSSION 
 
The results of this preliminary psychometric study indicated that the internal 
consistency and test‐ test reliability of the Arabic version of the ERI were 
satisfactory. Its factor structure was consistent and reflected the theoretical 
components of the Effort‐Reward imbalance model well 
 
It was noted that the mean ER ratio was high (1.48) when compared to the 
large‐scale Whitehall study using the English version of the ERI (ER ratio = 0.44) 
(Siegrist et al., 2004), and the study of teachers (ER ratio = 0.70) (Bellingrath, 
Weigl, & Kudielka, 2008). 
However, the ER ratio obtained for this study was comparable to that reported 
for Saudi Arabic hospital workers (ER ratio = 1.21) (Devreux et al., 2012). The 
results of this study suggest that Jordanian workers have higher work stress and 
lower job satisfaction than workers in other nations. Additional research is 
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recommended to explore the moderators (baseline variables of age, gender, and 
occupational type) of the work‐stress relationship (high Effort‐Reward ratio) and 
its long‐term health effects on workers in Jordan. 
 
Internal consistency reliability of the Arabic Effort‐Reward Imbalance 
Questionnaire scales was satisfactory and reliability/stability assessment was 
high. The PCA indicated that the Arabic ERI items load on six components with 
eigenvalues above 1.0. The first three of the six components explained most of 
the variance. The first three components were extracted, and the varimax 
rotation indicated that the Reward, Effort and Over commitment items loaded 
strongly on components 1, 2, and 3, respectively. This factor solution of the 
Arabic Effort‐Reward Imbalance Questionnaire was consistent with the Effort‐
Reward imbalance model as well as with validations of Chinese, Korean and Thai 
language versions (Li et al., 2005; Eum et al., 2007; Buapetch et al., 2008). 
While the factorial pattern of the scales (Effort, Reward and Over commitment) 
was clearly reflected in PCA, an interesting exception was observed concerning 
Reward Item OC 1 (overwhelmed by pressure), which loaded equally on the 
Effort and Over commitment components. Interestingly, OC1 loaded in the same 
way in both the Chinese and Korean validation studies (Li et al., 2005; Eum  et 
al., 2007), suggesting the possibility that the item may not transfer well to other 
languages. However, a re‐run of the factor analysis of the questionnaire, after 
removal of item OC1, did not affect the questionnaire in terms of number of 
components, structure, or other items’ loadings, which may indicate that OC1 
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could be evenly construed as an Effort or Over commitment item. The problem 
with OC1was not reported in the English version of Effort‐Reward Imbalance 
Questionnaire; Over commitment items were consistently found to load highly 
on one component in many studies using the English version as reported by 
Siegrist (2004). Similarly, the Effort and Reward items of the English version 
loaded strongly on separate components. In the communalities analysis, some 
items did not reach the cut‐off point of 0.40 (Tabachnick & Fidell, 2001), 
although there was not a need to eliminate those items or repeat the 
component analysis, since all of those items loaded in their proposed latent 
component. According to Child (2006, p. 47), it was not recommended to 
eliminate the item from the analysis unless the item’s communality was less 
than 0.2. None of the Arabic Effort‐Reward Imbalance Questionnaire items’ 
communalities were less than 0.24. 
 
A strength of this study was the translation process, which involved a broad 
range of translators with different backgrounds (academic, health) to provide a 
balanced treatment of linguistic and cross‐cultural considerations (Hambleton, 
1994; Van de Vivjer & Hambleton, 1996).  In addition, the use of informal 
language was encouraged in the translation process. Married couples were 
engaged to translate, who in general tended to use the informal, relaxed 
conversational language in their own home. Notably, in a translation process, it 
is difficult to eliminate the influence of cultural differences on both the 
experience of stress and responses to it: in Item OC1, the translation of the term 
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“time pressure” in the original English version became “work pressure” in the 
back‐translation from Arabic to English; the term “overwhelmed” is used only to 
express an emotion in the Arabic culture. To overcome this difficulty, an 
explanation was added to indicate that the item was about the subject’s feeling 
of not being able to carry out the required work in a set time. For another 
example, the Arabic translation of Item ERI13 “My job security is poor” has two 
different meanings in Arabic: as both “job security” or “physical protection of 
the work place provided for the employees,” and the latter meaning is more 
prevalent in Arabic culture. Thus, a short explanation was added to indicate that 
the item was about continuation of the position. Although the back‐translation 
of Item ERI9 agrees with the original English version, it is not clear why Item ERI9 
loaded equally on both the Effort and Reward components.  
 
Although the sample was relatively small, it was comparable to that of the 
Japanese validation study (Tsutsumi et al., 2001), and larger than that of the 
Brazilian study (Chor et al., 2008). Future studies should use larger samples to 
enable confirmatory factorial analysis of the questionnaire, in addition to 
examining discriminate validity. This sample consisted mostly of school teachers, 
who have a middle class socioeconomic status within the Jordanian community. 
It is not clear to what extent the Arabic Effort‐Reward Imbalance Questionnaire 
results can be generalized to lower or higher socioeconomic groups or other 
types of work.  
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The 14‐day interval between test and retest has been used in the validation 
studies of Spanish and Chinese PSS versions (Remor, 2006; Yu& Ho, 2010). The 
wash‐out period is long enough that the participants do not remember their 
previous response to the scale items, and not too long that their responses 
would change (Flanagan, 2013). 
 
It is worth mentioning that there was a relatively high failure rate of returning 
the second questionaries (32%) from female participants. However, no obvious 
reasons or major changes or sudden accidents were recorded that may have 
affected the work environment during the two study weeks beginning 
September 2009. The demographics (job type and mean age) were similar for 
the women who completed the evaluations and those who dropped out in the 
second evaluation. Any self‐selective bias among the women completing the 
questionnaires twice cannot be ruled out. 
 
CONCLUSION 
 
The Arabic Effort‐Reward Imbalance Questionnaire has satisfactory 
psychometric properties as the results are in line with those available from 
studies testing translations into other languages. The Arabic version of the 
questionnaire is appropriate for evaluation of work stress among Arabic‐
speaking employees.  
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CHAPTER 4 
STUDY THREE 
 
AN ARABIC VERSION OF THE PITTSBURGH SLEEP QUALITY INDEX; 
TRANSLATION AND VALIDATION STUDY 
 
ABSTRACT  
The Pittsburgh Sleep Quality Index (PSQI) is a standardized self‐administered 
questionnaire composed of 19 items to assess subjective sleep quality over the 
past month. It has been translated into many languages and is widely used in 
clinical and non‐clinical base research studies. This article presents the Arabic 
translation and validation of the Pittsburgh Sleep Quality Index (PSQI) 
questionnaire. The translation process employed an iterative forward‐backward 
translation process involving a wide range of translators to balance issues 
between linguistic and cross‐cultural concerns. The Arabic PSQI questionnaire 
demonstrated satisfactory reliability and validity, and is considered an 
appropriate scale for sleep quality evaluation in Arabic people. 
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INTRODUCTION 
 
The Pittsburgh Sleep Quality Index (PSQI) is a standardized self‐administered 
questionnaire to assess subjective sleep quality over the past month (Buysse et 
al., 1989). The PSQI questionnaire has been used in clinical and non‐clinical 
populations (Byles, Mishra, & Harris, 2005; Lai & Good, 2005). PSQI has been 
used for patients with medical conditions that associated with sleep disruption; 
depression (Norra et al., 2012), inflammation & CVD (Miller & Cappuccio, 2007), 
T2DM (Knutson, Ryden, Mander, & Van, 2006), and MtS (Hung et al., 2013). 
 
The PSQI has demonstrated good internal consistency and high test‐retest 
reliability (Buysse  et al., 1989). It has been translated into several languages 
including  Japanese, French, German, Spanish, Chinese and Greek (Backhaus, 
Junghanns, Broocks, Riemann, & Hohagen, 2002; Blais, Gendron, Mimeault, & 
Morin, 1997; Doi et al., 2000; Escobar & Eslava, 2005; Kotronoulas, 
Papadopoulou, Papapetrou, & Patiraki, 2011; Tsai et al., 2005). During the 
period of this study (2007‐9), an Arabic version of the PSQI was not available. 
The need for the translation of the PSQI questionnaire arose as part of a larger 
study on stress and health issues (Almadi, Cathers, Hamdan Mansour, & Chow, 
2012b; Almadi, Cathers, & Chow, 2013b). Meanwhile, an Arabic PSQI was 
published by Suleiman and colleagues (2010). 
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METHODS 
 
The PSQI Questionnaire 
 
The questionnaire comprises 19 self‐rated questions grouped into 7 clinical 
component scores of sleep difficulty: subjective sleep quality, sleep latency, 
sleep duration, sleep efficiency, sleep disturbances, daytime dysfunction and 
sedative medication use; each weighted equally on a 0–3 point scale. The seven‐
component scores are then summed to provide a global PSQI score, which 
ranges from 0‐21. A cut‐off score of 5 has been recommended, with scores > 5 
indicating poor sleep (Buysse et al., 1989). 
 
The Translation Process 
 
The repetitive forward‐backward translation practice was adopted (Meadows et 
al., 1997) for the translation of the English version of PSQI into Arabic.  
Briefly, the development of the Arabic PSQI version consisted of seven phases of 
translation employing a wide range of translators; expert translators, bilingual 
academic colleagues, bilingual health professionals, and bilingual married 
couples. The process of translation has been fully described on page 34‐39 of 
this thesis report. The process of translation has been fully described on page 
37‐39 of this thesis. 
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 The translation process involved several steps: translation into Arabic followed 
by back translation to English; comparison of the accuracy in the meanings of 
the back translated one against the original English one; and any differences 
identified resolved by repeating the Arabic translation process  
 
Participants  
 
We had sought permission only from large schools in Zarka City, in terms of 
teacher and staff numbers. Three schools agreed to conduct our study in their 
schools. Flyers about the study and contact details of the study coordinator had 
been given to school staff, and where available, were placed in the tea rooms in 
the three schools. 
Study coordinator (TA) had attended the three schools and handed the 
questionnaires to subjects, who agreed to participate and then signed a consent 
form. Selection criteria were; subject was a member of school staff, more than 
18 years old, with minimum education level of a high school certificate, and 
willing to complete to the questionaries twice, as well as answer some additional 
questions regarding the participant’s sex, age, education level and current job. 
All subjects gave informed consent for this study, which was approved by the 
Human Research Ethics Committee of The University of Sydney and Jordan 
University. Written consent to complete the Arabic PSQI was given by 101 
teachers and 25 technical staff (N = 126, 74 males and 52 females), all of whom 
had a minimum education level of a high school certificate. Of these, 104 
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participants (60 males, 44 females; 72 school teachers, 32 technical staff) with a 
mean age 35.5 ± 9.7 years answered the questionnaire twice 
 
Procedure 
 
All volunteers completed both the Arabic PSQI questionnaire and a short 
demographic questionnaire. The completed questionnaires were returned by 
post or in person to the study coordinator (TA). For test‐retest reliability, the 
Arabic PSQI questionnaire was repeated two weeks after its initial completion. 
The collected data were de‐identified by replacing the participants’ names with 
numeric identification codes. 
 
 
 
Statistical Analysis   
 
The  Factorial  Analysis (FA) using the Principal Component Analysis (PCA) 
method was performed once the data satisfied the three statistical tests: 1) a 
reasonable correlation (correlation coefficients >0.3) between the scale items 
(Tabachnick & Fidall, 1996), 2) a sample normality adequacy measure using the 
Kaiser‐Meyer‐Oklin test with a score > 0.60 (Kaiser, 1970, 1974), and 3) the 
Bartlett’s test that showed statistical significance with p< 0.05 (Bartlett, 1954). 
The PCA was performed to inspect the factorial (component) structure of the 19 
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PSQI items. A PCA was conducted in which the components with eigenvalues 
greater than 1 were extracted and rotated by the varimax method (Fabrigar et 
al., 1999) . Items with loadings of 0.32 or more were considered to load on a 
given component (Tabachnick & Fidell, 2001).  
 
The internal consistency was examined by Cronbach’s alpha coefficient and the 
test‐retest reliability was examined by the intra‐class correlation coefficient. 
Statistical analysis was conducted using SPSS (version 17, IBM). 
 
 
RESULTS  
 
    The mean PSQI global score for the sample was 6.3 (SD ±3.5) (Table 4.1). An 
examination of the correlation matrix of PSQI items showed 22 of 42 had 
correlation coefficients above the threshold of 0.30, which was considered 
adequate. The Kaiser‐Meyer‐Oklin value was 0.69, which was greater than the 
threshold value of 0.60, and the Barlett’s test was statistically significant with 
p<0.001 (Pallant, 2001). Therefore, the data were suitable for PCA. The internal 
consistency for the PSQI was evaluated by Cronbach’s alpha coefficient, which 
was 0.71, suggestive of reasonable consistency of PSQI components contributing 
to their respective scales. The intra‐correlation coefficients (ICC) were high 
(Table 4.1) indicating a good test‐retest reliability of the PSQI scale. 
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According to the PCA, there were two components with eigenvalues > 1. These 
components explained 39.8% and 20.7% of the variance. The Scree plot (Figure 
4.1) shows a break after the second component, resulting in two components 
being retained for the varimax rotation (Catell, 1966).  The rotated solution 
(Table 4.2) showed the existence of a simple structure with the two rotated 
components explaining 61.4% of the variance.  Component one, “perceived 
sleep quality”, explained 36.5% of the variance. The items which loaded highly 
on this component were subjective sleep quality, sleep latency, sleep 
disturbances, daytime dysfunction and sedative medication use. Component 
two, “sleep efficiency”, explained 24.9% of the variance. The items which loaded 
highly on component two were sleep duration and habitual sleep efficiency.  
 
Table 4.1:   Mean scores (SD), range, Cronbach’s alpha coefficient, and intra‐class 
correlation coefficient (ICC) for the Arabic PSQI (N=104). 
Mean (SD)  Range  Cronbach’s Alpha ICC (95%CI)
6.3 (3.5)  1‐15  0.71  81.3 (0.74‐0.87) 
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Figure 4.1: Scree test plot for the Arabic PSQI 
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Table 4.2:  The varimax rotation of the two‐ component solution for the Arabic 
PSQI (N=104)  
Item  Component one 
(Perceived Sleep 
Quality) 
Component two 
(Sleep Efficiency) 
Subjective sleep quality  0.69  0.16 
Sleep latency   0.73  0.05 
Sleep duration   0.02  0.93 
Habitual sleep efficiency   0.17  0.91 
Sleep disturbances  0.62  0.02 
Sleep medications   0.66  0.05 
Day time dysfunction   0.82  0.18 
Cronbach’s Alpha  0.73  0.83 
 
 
 
 
 
 
DISCUSSION  
 
The data of this psychometric study showed high internal consistency and test‐
retest stability for the Arabic version of the PSQI questionnaire. The PCA 
indicated that the Arabic PSQI items can be loaded on two components: 
perceived sleep quality and sleep efficiency. This two‐component solution of the 
Arabic PSQI concurred with the findings of several recent studies. These include 
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a second evaluation of the PSQI by Buysse et al (2008) and other studies (Cole et 
al., 2006; Kotronoulas, Papadopoulou, Papapetrou, & Patiraki, 2011). The two‐
component solution could be more suitable to improve the sensitivity of the 
PSQI, even though the PSQI was originally introduced as a single‐factor model 
with a single global score of sleep quality (Buysse et al., 1989). The mean global 
score of the PSQI for this study sample was higher than the cut‐off score for 
poor sleep. However, it was consistent with the mean PSQI of healthy subjects 
reported by Buysse et al (2008), as well as with two studies of healthy Arabic 
subjects  (Devreux et al., 2012; Voss & Tuin, 2008). 
 
This study was planned and conducted during 2007‐9 as part of a bigger study 
on stress and health issues (Almadi  et al. , 2012 b, Almadi et al. , 2013b).   At the 
time of the study, an Arabic version of the PSQI was not available. Meanwhile, in 
2009 Suleiman et al published their Arabic PSQI. Their sample size was relatively 
small (n=35) compared with the larger sample size of 104 in the current study. 
The internal consistency was lower with Cronbach’s alpha of 0.65 compared to 
the current study of 0.71. None of the later studies that employed the 
Suleiman's Arabic PSQI had reported the Cronbach’s alpha. Furthermore, their 
sample was derived from participants of Arabic origin but who lived in USA, 
whereas the current sample was Arabic subjects whose usual language was 
Arabic living in an Arabic country (Jordan). 
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The present results supported the Arabic PSQI as a valid self‐report measure in 
Arabic adults with important implications for evaluating the subjective sleep 
quality; it is a tool that is inexpensive and easy to use. However, approximately 
55% the study sample were well‐educated subjects, but 45% were at 
the High School Certificate level. Hence, it is not confirmed as to what degree 
the PSQI results can be generalized to groups with different educational levels. 
Further study using a sample from varied educational backgrounds, socio‐
economic statuses, and clinical conditions will be needed to assess the 
confirmatory factorial analysis of the Arabic PSQI. Future studies could also 
examine the discriminatory and convergent validity by assessing the correlations 
of Arabic PSQI with other Arabic translated questionnaires in assessing sleep 
quality. In addition, it is suggested that future research examines the factorial 
structure of the PSQI across a wider range of ages in both the clinical and 
non‐clinical setting. Future study using a larger sample size is needed to confirm 
the structural constrain of the Arabic PSQI using confirmatory factorial analysis 
(Beckstead et al., 2008). Notably, a thorough process employing a wide and 
varied range of translators was made in the course of developing an Arabic 
translation of the PSQI in order to balance issues of linguistic and cross‐cultural 
concern (Hambleton, 1994; Van de Vivjer & Hambleton, 1996). 
 The 14‐day interval between test and retest has been used in the validation of 
the Spanish version of PSQI (Hita‐Contreras, et al., 2014). This interval is long 
enough that the participants do not remember their previous responses to the 
scale items yet not too long that their responses would change (Flanagan, 2013). 
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In summary, this Arabic version of the PSQI has demonstrated good internal 
consistency and reliability. We consider this Arabic version of the PSQI a suitable 
instrument to assess perceived sleep quality for Arabic speakers. 
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                                                   CHAPTER FIVE 
 
                                                    STUDY FOUR 
 
 
THE ASSOCIATION BETWEEN WORK STRESS AND INFLAMMATORY 
BIOMARKERS IN JORDANIAN MALE WORKERS 
        
  ABSRTACT 
 
The study aimed to examine the association of work stress, assessed by effort‐
reward imbalance (ERI), and inflammatory markers; C‐reactive protein (CRP) in 
152 Jordanian male employees. Self‐report work stress, anthropometric data, 
and blood for CRP analysis were collected. A significant correlation between ERI 
and CRP (r = 0.29, p < .01), and between waist circumference with CRP (r = 0.44, 
p < .01) was found. Central obesity explained most of the variance in CRP after 
controlling for various covariates, and ERI was not a significant predictor of CRP 
(Δ R2 = 0.02; β= 0.15, p = .052). However, when only the centrally obese group 
was considered, ERI accounted for 5.0% of the variability in the CRP (β = 0.24, p 
< .05). Results of this study confirm previous findings that obesity is significantly 
associated with CRP, and support the notion that higher ERI amongst obese 
workers is one small but significant predictor of increased levels of CRP. 
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INTRODUCTION 
 
Physiological factors (obesity, low physical activity, or smoking) and 
psychological stress may contribute to inflammation with increased levels of 
inflammatory markers such as C‐reactive protein (CRP) (Bellingrath et al., 2009; 
Geffken et al., 2001; Ohsawa et al., 2005; Visser, Bouter, McQuillan, Wener, & 
Harris, 1999). Notably, chronic stress was significantly associated with higher 
CRP among subjects with central obesity, suggesting that obese subjects may 
have an increased vulnerability to manifesting a higher degree of inflammation 
(Dixon et al., 2008; Shen et al., 2010). Chronic inflammation contributes to the 
pathogenesis of CVD (Ridker, Cushman, Stampfer, Tracy, & Hennekens, 1997), 
CHD (Koenig et al., 1999), T2DM (Han et al., 2002), and MtS (Laaksonen et al., 
2004). CRP has showed a strong association with CVD, and a longitudinal study 
showed that CRP predicts future CVD in people free of traditional risks factors of 
hypertension, dyslipidaemia, diabetes and smoking (Ridker et al., 1997). 
Additional studies showed that CRP plays a role in atherothrombosis which is a 
primary cause of CVD, by inducing the expression of cellular molecules of 
proinflammatory cytokines by endothelial cells (Pasceri, Willerson, and Yeh, 
2000). The association of CRP and CVD independent of traditional risks factors 
know to predict CVD has raised the question whether the psychological stress is 
associated with CRP (Suarez, 2004). 
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Considerable theoretical attention has been paid in recent years to the role of 
psychosocial stress in the development of chronic inflammation. Black (2002) 
hypothesized that repeated episodes of acute or chronic stress can lead to a 
chronic inflammatory process that in turn is implicated in cardiovascular 
metabolic disorders. According to Black’s hypothesis, stress can induce an 
inflammatory process called the acute phase response that prepares the body to 
deal with injury, infection, and psychological stress. The acute phase response is 
characterized by the production of proinflammatory cytokines, which are the 
inducers of acute phase proteins such as CRP (Gabay & Kushner, 1999).  
 
The work stress Effort‐Reward‐imbalance (ERI) model was introduced by Siegrist 
(1996) to provide a framework for examining work stress and its contribution to 
the development of disease. In the ERI model, effort is reciprocated by socially 
defined rewards. Efforts represent job demands and/or obligations that are 
imposed on the employee, while rewards include money, esteem, job security, 
and career opportunities. A lack of reciprocity between effort and reward at 
work (i.e., high effort and low reward) leads to a state of emotional stress 
(distress) and ill health. In addition, the model assumes that distress will be 
higher in highly overcommitted employees than less overcommitted employees.  
 
Little attention has been given to the effect of chronic work stress in a normal 
work environment on the inflammatory process in healthy men. There have 
been only a few studies that investigated the association between ERI and CRP. 
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A cross‐sectional study of German school teachers with high ERI showed 
significantly higher CRP compared to teachers with low ERI (Bellingrath et al., 
2009). Furthermore, individuals with a high ERI had an increased plasma level of 
CRP following a mental stress task compared to those with a low ERI (Hamer et 
al., 2006). In this current field study of a Jordanian cohort, we collected data on 
work stress (ERI and over commitment), as well as data with a possible impact 
on work stress and CRP association including age (Wener, Daum, & McQuillan, 
2000), smoking, perceived stress (McDade, Hawkley, & Cacioppo, 2006), physical 
activity (Kasapis &Thompson, 2005), sleep (Okun et al., 2009), blood pressure 
(Blake, Rifai, Buring, & Ridker, 2003), and biochemical indices of glucose and 
lipids (Fröhlich et al., 2000).  
 
This study sought to answer the following questions: (a) Does chronic work 
stress measured by ERI predict an increase in the inflammatory marker, CRP; and 
(b) Does accompanying central obesity predict a greater degree of 
inflammation? The study specific hypotheses are: ERI is positively associated 
with CRP, and centrally obese workers show a stronger association between ERI 
and CRP than non obese workers 
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 METHODS 
 
Participants 
 
Jordanian male workers (n = 264) were recruited from the veterinary, 
agricultural, textile, and poultry industries. Self reported questionnaires 
(Appendix B) were used to exclude all cases with physical or psychological 
conditions known to influence CRP plasma levels (Gabay & Kushner, 1999; Maes 
et al., 1997). Subjects were encouraged to seek information from their family 
physician or the study physician if they were in doubt about these conditions., 
which included inflammatory diseases, CVD, previous stroke, rheumatic disease, 
liver disease, viral or recent infection, connective tissue disease, peripheral 
blood disease, tumor, neurological and endocrine disease, recent injury or 
surgical operation, and mental or psychological problems. The study excluded all 
subjects taking medications including those with effects on the inflammatory 
response, cholesterol‐lowering agents, steroids, reductase inhibitors (statins), 
nonsteroidal anti‐inflammatory drugs (NSAIDs) or analgesic medications, 
antidepressants, sedatives, antipsychotic medications, and hormone and 
hormone‐related therapy (Elgharib, Chi, Younis, Wehbe, & Krishnaswamy, 2003; 
Ridker et al., 1997; Ridker, Rifai, Pfeffer, Sacks, & Braunwald, 1999). All subjects 
gave informed consent for this study, which was approved by the Human 
Research Ethics Committee of The University of Sydney and Jordan University. 
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Demographic Data 
 
Data on age, race, work characteristics (full‐time/part‐time, night/ day shift), 
smoking status, and alcohol intake were collected using self‐reported 
questionnaires (Appendix B) 
 
Study Questionnaires 
 
Four Arabic translated questionnaires were administered to subjects: (1) work 
stress related to ERI and work over commitment (Almadi et al., 2013a); (2) 
Perceived Stress Scale (PSS) (Almadi et al., 2012a); (3) the short version 
International Physical Activity Questionnaire (IPAQ) (Al‐Hazza, 2006); and (4) the 
Pittsburg Sleep Quality Index (PSQI) (Almadi et al., unpublished). The official 
Arabic version of IPAQ and its scoring system are available at the IPAQ web site 
(www.ipaq.ki.se). The Arabic PSS, ERI, and PSQI (see Appendix C) have 
undergone a translation process that was examined for factorial structure, and 
tested for reliability. The translation and validation process for these 
questionnaires are described in separate reports (Almadi et al., 2012 a, 2013 a) 
 
 Work stress was measured by the Arabic translated version of the ERI 
questionnaire (Almadi et al., 2013a) (see Appendix C for the Arabic ERI), with an 
internal reliability as measured by Cronbach’s alpha coefficient of 0.85. The ERI 
contains 17 items: “Effort” with 6 items and “Reward” with 11 items. Items on 
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the effort scale were answered in two steps. First, participants agreed or 
disagreed whether the item content reflected their typical work situation. Those 
who agreed that it was typical were also asked to evaluate the extent to which 
these conditions produced distress using a 4‐point rating scale, with higher 
scores indicating higher distress. The 11 items measuring reward are framed 
similarly, but the coding is reversed, so that a lower summary score for reward 
indicates a higher subjective rating of distress due to low reward. The overall ERI 
score was calculated as effort divided by reward; a score of one represents a 
balance of effort and reward, whereas higher scores reflect a perceived 
disproportionate effort. In addition, participants were asked to respond to six 
additional questions on work over commitment scored on a 4‐point scale and 
with a total score range of 0–24. A higher over commitment score indicates 
high‐risk conditions for physical or mental disorders (Van Vegchel, de Jonge, 
Bosma, & Schaufeli, 2005). 
 Perceived stress was assessed by the Arabic translated version of PSS‐14 
(Almadi et al., 2012a) (see Appendix C for the Arabic PSS‐14), with Cronbach’s 
alpha coefficient = 0.68.  The scale has 14 items related to the level of perceived 
stress experienced over the previous month and measures the degree to which 
situations in a person’s life are perceived as stressful. Each item is answered on a 
5‐point response giving a scale range of 0–56, with a high score representing a 
high perceived stress level (Cohen et al., 1983). 
Participants were asked to answer questions regarding their physical activity 
level using the validated Arabic version of the IPAQ (Al‐Hazza, 2006) (see 
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Appendix C for the Arabic IPAQ). The questionnaire contains items about 
physical activity patterns over the previous week in four domains: work, home, 
leisure, and travel. IPAQ provides a score of energy expenditure expressed as 
MET‐min/week, computed by multiplying the metabolic equivalent (MET) 
intensity of the activity X the number of minutes per week the activity was 
performed. A MET is defined as the number of calories consumed by an 
individual per minute in an activity relative to the basal metabolic rate. 
Therefore, one MET is the energy consumption of that individual while at 
complete rest. Based on this MET‐min/week calculation (Ainsworth et al.,1993), 
the IPAQ allows classification of subjects’ physical activity level into three 
categories: low (less than 600 accumulated over a week), moderate (between 
600 and 1500 accumulated over a week), and high (more than 1500 
accumulated on 3 days, or more than 3000 accumulated over a week) (Craig et 
al., 2003) 
Sleep quality was measured by an Arabic translated version of the PSQI (Almadi 
et al., unpublished) (see Appendix C for the Arabic PSQI), with Cronbach’s alpha 
coefficient = 0.66. The scale is a 19‐item questionnaire about sleep quality in the 
previous month. Subscale scores of 0 to 3 were generated for seven 
components: sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleep medications, and daytime 
dysfunction. The sum of responses of all seven components yields a global score 
of sleep quality. A subject with a global PSQI score greater than 5 is considered 
to be a poor sleeper, while a subject with a value less than 5 is considered to be 
                     
-89- 
a good sleeper (Buysse et al., 1989). In the analyses of this study, the global PSQI 
score was used as a continuous variable. 
 
Physiological and Biochemical Measurements 
 
Following an overnight fast, subjects attended a private room at their worksites 
between 6.30 am to 8.30 am. Subjects were seated for at least 5 min before 
blood pressure was measured with a standard mercury sphygmomanometer. 
Weight and height were measured with a calibrated balance beam scale and 
stadiometer, respectively. The waist circumference was obtained by measuring 
at the narrowest point of the abdomen, between the lower costal (tenth rib) and 
the iliac crest, using a flexible non elastic measuring tape. Body mass index (BMI) 
was calculated as mass (kg) divided by height squared (m2). Fasting venous 
blood samples were then collected in plain tubes and centrifuged at 1500 g for 
10 min at room temperature, and the serum samples were frozen at ‐20°C until 
assayed. High‐sensitivity CRP was determined with an automated Roche 
Diagnostics modular analyzer (Roche, Switzerland), using a particle‐enhanced 
immunoturbidimetry method with a measuring range of 0.085–1600 mg/L. 
Blood glucose and blood lipid profile (total cholesterol, high‐density lipoprotein‐
cholesterol, triglycerides, and low‐density lipoprotein‐cholesterol) were 
determined with an Accent 200 automated chemistry analyzer (PZ Cormay S.A., 
Poland) using an enzymatic kit (Randox, UK). Data collection and blood analysis 
were performed during the period of September to October 2007 
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 Statistical Analyses 
 
Any subjects with serum level of CRP > 10 mg/L have had been excluded from 
the study.  The 25 subjects that were excluded from the study were composed 
of 19 subjects with CRP > 10 due to known medical conditions that elevate the 
CRP, and 6 subjects with CRP > 10 due unknown medical conditions factors. Also, 
there we were 87 subjects with missing data for one or more study parameters 
used in regression model have been excluded. Forty one of these participants 
were excluded due to insufficient or missing samples; 27 were excluded for 
missing work stress questionnaires; and 19 were excluded for missing 
physiological measurements or age. Thus, data from 152 subjects were used in 
the final analysis. The distributions of CRP and triglycerides were skewed and 
therefore log‐transformed before analysis.  
 
All of the analyses were conducted with SPSS (IBM, SPSS version 17). Descriptive 
statistics were determined and t tests were used to compare the means of the 
main variables for the high ERI group (ERI > 1) and the low ERI group (ERI ≤1), 
and the inter correlations between CRP and all study variables were examined. 
Hierarchical linear regressions were used to examine the relationship between 
ERI and CRP for the whole study population and were repeated separately for 
the obese and non obese subgroups. The following covariates were used in the 
regression analyses as they showed an association with the inflammatory factor, 
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CRP: waist circumference, age, glucose, cholesterol, triglycerides, high density 
lipoprotein‐cholesterol (HDL‐C), low‐density lipoprotein‐cholesterol (LDL‐C), and 
blood pressure. Statistical significance was accepted at p < .05, and descriptive 
results are expressed as mean ± SD. 
 
RESULTS 
 
The mean age of the 152 male Jordanian workers was 35.3 ± 8.9 years with a 
high proportion (71.9%) aged between 26 and 45. In this cohort, 75.2% were 
blue‐collar workers (factory manual workers), 87.6% worked for private 
companies, and 98.7% were full‐time workers. Table 5.1 shows the 
psychological, physical, physiological, and biochemical characteristics among this 
study population of Jordanian male workers. The mean BMI was 26.8 ± 3.8 
kg/m2. According to the World Health Organization’s definition of obesity (30 ≤ 
BMI < 40 kg.m‐2) (WHO, 2004), 22.2% of the sample were obese. According to 
the International Diabetes Federation (2005), 51% of the sample satisfied the 
criteria of high waist circumference of ≥ 94 cm, and 11.1% satisfied the criteria 
of raised blood pressure (systolic BP > 130 or diastolic BP > 85 mmHg or 
currently taking medication for previously diagnosed hypertension). According 
to IPAQ, 58.7% had a low physical activity level. The PSQI indicated that 47.4% 
were classified as poor sleepers (PSQI > 5). The data revealed 49.7% were active 
smokers, and none took alcohol. In addition, the median for triglycerides was 
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120 mg/dL, and the interquartile range was 87–198 mg/dL, while the median for 
CRP was 2.04 mg/L, and interquartile range was 1.13–4.66 mg/L. 
 
Table 5.1: Psychological, physical, physiological and biochemical characteristics of 
Jordanian male workers (N=152). 
  Mean (SD) 
Effort / Rewards ratio  1.24 (0.41) 
Over commitment  14.5 (3.5)
Perceived stress  25.8 (6.3) 
Age (year)  35.4(9.0) 
Body mass index (kg.m‐2)  26.8 (3.8) 
Waist circumference (cm)  93.0 (11.4) 
Physical activity  (MET ‐min/ week)  1136 (1741) 
Sleep Quality   5.10 (2.53) 
Fasting blood glucose (mg /dL)  89.6 (12.0) 
Cholesterol (mg/dL)  187.3 (37.3) 
HDL‐C (mg/dL)  43.2 (9.4)
LDL‐C (mg/dL)  112.7 (30.9) 
Triglycerides (mg/dL)  146.9 (82.4) 
CRP(mg/L) 
SBP 
DBP 
3.14 (2.58) 
123 (8) 
81 (5) 
 
 
 
Work Stress and CRP 
 
The log‐transformed CRP (CRP log) showed a significant correlation with ERI 
(Table 5.2). When the workers were divided into high stress (ERI > 1, n = 108) 
and low stress (ERI ≤ 1, n = 44), the values for CRP were 3.38 (±2.26) mg/L and 
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2.54 (± 2.22) mg/L, respectively, and were significantly different for the two 
groups (p < .05). CRP log was positively correlated with age, BMI, waist 
circumference, hypertension, glucose, cholesterol, and triglycerides, but 
negatively correlated with HDL‐C (Table 5.2).  
 
Table 5.3 shows the hierarchical linear regression of CRP. In Step1, all covariates 
of CRP were entered including age, hypertension, waist circumference, fasting 
blood glucose, cholesterol, HDL‐C, and triglycerides. These variables explained a 
significant proportion of variance in CRP with R2 = 0.245 (standard error of the 
estimate, SEE = 0.78; F (1,151) = 6.74, p < .01). In Step 2, ERI ratio was forced in 
the regression analysis in addition to all covariates of CRP and, as a result, the 
whole model was not a significant predictor of CRP (R2 = 0.265; SEE = 0.77; 
F(1,151) = 3.85, p = .052). ERI alone did not significantly predict CRP (Δ R2 = 
0.020, β= 0.15; t (151) = 1.96, p = .052). However, this analysis demonstrated 
that the strongest predictor of CRP was waist circumference. For the measures 
of obesity, BMI, and waist circumference, we applied waist circumference in the 
linear regression analysis but not BMI to avoid co linearity, since both measures 
were highly correlated (r = 0.83) and related.  
In a separate analysis, the above hierarchical linear regression was repeated 
using data only from subjects with central obesity (waist circumference ≥ 94 cm; 
n = 78). The data showed that only ERI, and not other variables, were 
significantly associated with CRP. ERI accounted for 5.0% of the variability in the 
CRP (β = 0.241; t (78) = 2.161, p = .034). On the other hand, when only subjects 
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without central obesity (waist circumference < 94 cm, n = 74) were analyzed, 
waist circumference and not ERI or any other variable was significantly positively 
associated with CRP (β = 0.369; t (74) = 2.733, p < 0.01). 
Further analysis of data from overweight subjects (BMI ≥25 kg/m2, n=106) 
showed that, after adjustment for other factors, work stress was not significantly 
associated with CRP. 
 
 
Table 5.2: Correlations between CRP log with Physical, Physiological and 
Biochemical variables. 
 
  CRP log  P value 
Effort/Reward ratio  0.294  < 0.01 
Perceived stress  ‐0.049  ns 
Over commitment  ‐0.060 ns 
Age (year)   0.264  < 0.01 
BMI (kg.m‐2)   0.430  < 0.01 
Waist circumference (cm) 0.441 < 0.01 
Hypertension(yes/no)   0.231  < 0.01 
Smoking (yes/no)  ‐0.096  ns 
Physical activity (MET ‐min/week)  ‐0.017 ns 
Sleep Quality   ‐0.041  ns 
Fasting blood glucose (mg/dL)   0.248  < 0.01 
Total Cholesterol (mg/dL) 0.193 < 0.01 
Triglycerides‐log (mg/dL)   0.249  < 0.01 
HDL‐C (mg/dL)  ‐0.161  < 0.01 
         Note. ns; not significant 
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Table 5.3 Hierarchical linear regression of (CRP log) 
  Step1 Step2
  B±SEE ß B±SEE ß 
Age  0.005±0.008  0.05 ns  0.005±0.008   0.06 ns 
 
Waist circumference 
(cm) 
 
0.024±0.007  0.04 **  0.021±0.007   0.28* 
Hypertension (yes/no)   0.347±0.212  0.13 ns  0.258±0.215   0.09 ns 
 
Fasting blood 
glucose(mg/dL) 
0.008±0.006  0.11ns  0.006±0.006   0.09 ns 
Total Cholesterol 
(mg/dL) 
0.003±0.003  0.14 ns  0.003±0.003   0.12 ns 
Triglycerides (mg/dL)  ‐0.021±0.155  ‐0.02 ns  ‐0.004±0.154  ‐0.01 ns 
 
HDL‐C (mg/dL) 
 
‐0.011±0.009  ‐0.12ns  ‐0.011±0.009  ‐0.11 ns 
Effort/Reward ratio           0.324±0.166  0.1 5 * 
   
R2  0.245** 0.265 ns 
 Notes. β = standardized coefficients; B = unstandardized coefficients; SEE = 
standard error of the estimate; ns = not significant; Δ R2 = 0.020 for Step 2. *p ≤.05. 
**p ≤ .001. 
 
 
DISCUSSION 
 
 
The key finding of this study is that work stress as measured by ERI as well as 
obesity measures (BMI and waist circumference), biochemical indices 
(cholesterol, triglycerides), and hypertension were significantly correlated with 
CRP. Central obesity explained most of the variance in CRP after controlling for 
other covariates. To our knowledge, this is the first study that has reported the 
CRP values for Jordanians. The median value of CRP agreed with that reported 
for a large American cohort, the Framingham Heart Study (Wilson et al., 2008). 
The strong association between waist circumference and CRP found in this study 
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confirms previous such findings (Huffman, Whisner, Zarini, & Nath, 2010), and 
suggests that at least half of the current Jordanian cohort may be at risk of MtS, 
since visceral obesity also predicts the MtS (Han et al., 2002).  
 
The physiological basis for the association of ERI and CRP hinges upon the 
relationship between proinflammatory cytokines, CRP, and stress that is 
attended by the hypothalamic‐pituitary‐adrenal (HPA) and sympathetic axes. 
This system stimulates an increased production of proinflammatory cytokines 
(Black, 2002), which have been associated with a number of psychosocial 
stressors including symptoms of depression, posttraumatic stress disorder, and 
caregiving for a spouse with dementia (Kiecolt‐Glaser et al., 2003; Lutgendorf et 
al., 1999).  
 
The current results are compatible with the hypothesis that, at least in part, the 
association of ERI with CRP is due to the mediating role of risk factors, in 
particular, visceral obesity. We found that when considering only subjects with 
central obesity, ERI was significantly associated with CRP and accounted for 5.0% 
of its variability. When considering subjects without central obesity, ERI was not 
significantly associated with CRP. Our findings implicate work stress as an added 
stressor in obese individuals that may augment the degree of inflammation and 
future risk of MtS. Further, it is noted that central fat secretes proinflammatory 
cytokines (Kern et al., 2001). These proinflammatory cytokines not only induce 
CRP production by the liver (Papanicolaou, Wilder, Manolagas, & Chrousos, 
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1998), but also stimulate the HPA axis and activate cortisol secretion 
(Mastorakos, Weber, Magiakou, Gunn, & Chrousos, 1994). Therefore, 
proinflammatory cytokines play a critical role in the development of risk factors 
of MtS  such as glucose intolerance and dyslipidemia (Pickup, Mattock, Chusney, 
& Burt, 1997).  
 
Generally, participants in the present study who displayed a high ERI showed an 
elevated CRP without any study provocation. These results have provided 
evidence that low‐grade inflammation was predicated by work stress and lend 
support to previous findings, which found that men with higher ERI 
demonstrated greater CRP responses when subjected to mental stress tasks 
(Hamer et al., 2006). However, these authors did not find a relationship between 
ERI and CRP at baseline. Their study subjects were healthy, non smokers of 
younger age, with a healthier BMI than the current study. Most importantly, 
they experienced less work stress (ERI) when compared with the current study’s 
subjects. Furthermore, the current study did not involve additionally imposed 
mental stress tasks. Since work occupies a large portion of our lives, chronic 
work‐related stress could have a negative impact on our health, and is an added 
health risk in the presence of obesity. Evidence provided in this study for an 
association between CRP and work stress in individuals without known diseases 
supports the notion that work stress mediates an inflammatory process, which 
predisposes susceptible individuals to CVD and MtS. Additionally, the current 
findings highlight the importance of evaluating the role of psychological stress 
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especially in overweight and obese workers and those in the early stages of CVD, 
and for occupational health bodies to adopt CRP as a biochemical measure to 
determine the impact of work stress on the general worker. 
 
 One limitation of this study lies with its relatively small sample size, although it 
is larger than some other studies of psychosocial factors and CRP (McDade et al., 
2006; Suarez, 2004). We did not use the imputation technique for missing data‐
replacement to avoid the possibility of biased estimates in the regression 
(Allison, 2001; Enders, 2010; Little & Donald, 2002; Schafer & John, 2002.  
We were also able to replicate many of the known associations with CRP (e.g., 
BMI, waist circumference, age, glucose, and lipids). A further limitation was that 
only one inflammatory marker (CRP) was examined, although other 
inflammatory markers are similarly predictive of diseases and play a role in CVD 
development (Pearson et al., 2003). However, CRP is considered to be the 
strongest predictor of future CVD and MtS when compared with other 
inflammatory markers. The strength of this study is that it is the first field study 
that demonstrates a positive relationship between work stress and the 
inflammatory marker CRP in a Jordanian cohort, and reports the CRP values for 
Jordanian working group. In summary, we found that work stress predicts a 
small inflammatory response in a sample of overweight or centrally obese 
Jordanian worker. 
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CHAPTER 6 
 
STUDY 5 
 
 
ASSOCIATIONS AMONG WORK‐RELATED STRESS, CORTISOL, INFLAMMATION, 
AND METABOLIC SYNDROME 
 
ABSTRACT 
 
This cross‐sectional study examined the relationship between work‐related 
stress, cortisol, and C‐reactive protein (CRP) in predicting metabolic syndrome 
(MtS). Self‐reported work stress measured by the Effort Reward imbalance ratio 
(ERI), anthropometric data, CRP, and saliva cortisol were collected from 204 
Jordanian male workers. ERI and cortisol were significantly associated with the 
presence of MtS (OR=4.74, 95% CI: 2.13‐10.55; OR=3.03, 95% CI: 2.08‐4.40; 
OR=11.50, 95% CI: 2.16‐59.14, respectively). The odds of MtS in men with high 
ERI and high cortisol were significantly higher than that of men with low ERI and 
low cortisol (OR=11.50, 95% CI:2.16‐59.14). CRP was significantly associated 
with MtS (OR=2.51, 95% CI:1.50‐4.20). The odds of MtS were significantly higher 
in centrally obese men with both high ERI and CRP level. Thus, high ERI along 
with high cortisol or high CRP increases the risk for MtS, especially among 
centrally obese men. 
 
 
 
                     
-100- 
INTORDUCTION 
 
Work related stress 
 
Work‐related stress may adversely affect physical health (Leka & Jain, 2010). 
Psychological stress in the workplace has mainly been investigated through two 
theoretical models, the demand‐control (DC) model (Karasek, 1979; Karasek & 
Theorell, 1990) and the Effort‐Reward imbalance (ERI) model (Siegrist, 1996). 
The DC model emphasizes task‐level control, whereas the ERI model emphasizes 
employee perception of effort‐reward imbalance (Tsutsumi & Kawakami, 2004). 
Effort‐Reward imbalance is a serious form of psychological work‐related stress, 
since workers may feel under‐compensated for their efforts. The ERI model has 
advantages over the DC model in that  ERI focuses on stressors such as adequate 
payment, job security, job changes, and job promotion prospects (Griep et al., 
2009). A high level of ERI is associated with components of metabolic syndrome 
(MtS), namely hypertension (Peter et al., 1998), high body mass index (BMI) 
(Kivimaki et al., 2002), increased triglyceride level (Fan et al., 2009), and high 
fasting glucose (Kumari et al., 2004).  
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Stress response 
 
Stress activates two fundamental axes, the hypothalamus‐pituitary‐adrenal 
(HPA) axis and the sympatho‐ medullary ‐adrenal (SMA) axis (Figure 6.1). Altered 
activity of both the HPA and SMA axes predisposes an individual to increased 
risk of developing MtS (Bjorntorp & Rosmond, 2000). However, these two axes 
act through separate pathways, one through hypercortisolemia, and the other 
through cytokines and inflammatory reactions (Bellingrath et al., 2009; Black, 
2003; Sternberg et al., 1992; Yudkin et al., 1999).   
Stress, Cortisol, CRP and MtS. 
 
The first pathway through hypercortisolemia involves increases in cortisol levels. 
Elevated cortisol levels increase glucose production within liver cells resulting in 
hyperglycemia. In addition, increased cortisol levels inhibit insulin secretion from 
pancreatic β‐cells, as well as inhibit muscle glucose uptake. These effects lead to 
impaired glucose tolerance and insulin resistance (Amatruda et al., 1985). 
Cortisol also stimulates the breakdown of stored triglycerides in the adipose 
tissue, resulting in an increase in free fatty acids in the plasma. A higher level of 
free fatty acids prevents the release of insulin, further worsening glucose 
intolerance and insulin resistance. Density of cortisol receptors is higher in intra‐
abdominal (visceral) fat than in other fat deposits, and the activity of cortisol in 
fat accumulation is accentuated in visceral adipose tissue (Bjorntorp & 
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Rosmond, 2000; Salehi et al., 2005), suggesting a mechanism by which excessive 
cortisol causes further abdominal obesity (Qi & Rodrigues, 2007). 
The second pathway involves cytokines that induce acute phase proteins, such 
as C‐reactive protein (CRP) (Gabay & Kushner, 1999). CRP, one of the best‐
characterized systemic inflammatory biomarkers, may interfere with insulin 
signaling and down‐regulate corticosteroid‐binding globulin, resulting in 
increased free cortisol levels and consequentially insulin resistance as well as 
other manifestations of MtS (Hotamisligil et al., 1996). 
Furthermore, proinflammatory cytokines inhibit lipoprotein lipase activity and 
increase the concentration of non‐esterified fatty acids, contributing to 
dyslipidemia and insulin resistance (Perry et al., 2001). Central obesity amplifies  
the release of proinflammatory cytokines (Kern et al., 2001). Notably, the 
relationship between stress and inflammation markers (such as CRP) is observed 
mostly among subjects with central obesity (Almadi, Cathers, Mansour, A. M, & 
Chow, 2012b; Shen et al., 2010).  
 
High stress levels as measured by the ERI (Bellingrath et al., 2009) and mood 
disturbance (Lutgendorf et al., 1999) induce low‐grade inflammatory responses 
with increased production of proinflammatory cytokines (Black, 2002). 
Subsequently, these cytokines induce an increase in CRP production (Gabay & 
Kushner, 1999). This increase in CRP is thought to contribute to the pathogenesis 
of MtS (Laaksonen et al., 2004). Therefore, in this study, we sought to explore 
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the links between chronic work stress as measured by ERI and the MtS through 
the stress marker cortisol and the inflammatory marker CRP. These links are 
explored specifically in obese subjects.  
 
Study Hypotheses and Questions 
 
The current study sought to answer the following questions: (a) Does ERI predict 
an increased likelihood of MtS and its components? (b) Does ERI that is 
associated with high level of cortisol predict a greater likelihood of MtS and its 
components? c) Does ERI that is associated with a high level of CRP predict an 
increased likelihood of MtS and its components? (d) Does the high CRP in central 
obesity predict a greater likelihood of MtS compared to non‐central obesity? 
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Figure 6.1: Stress and MtS pathways. 
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METHODS 
Participants 
Jordanian male workers (N=264) were recruited from the veterinary, 
agricultural, textile, and poultry industries. Screening questionnaires were used 
to exclude all men with conditions known to influence cortisol secretion and 
increase CRP plasma levels. Excluded conditions included physical and endocrine 
abnormality, depression or other mental and psychiatric conditions, substance 
abuse, inflammatory diseases, CVD, previous stroke, rheumatic disease, diabetes 
mellitus, liver disease, viral or recent infection, connective tissue disease, 
peripheral blood disease, tumor, neurological and endocrine disease, and recent 
injury or surgical operation (Elgharib et al., 2003; Gaby & Kushner, 1999; Ridker 
et al., 1997; Ridker, et al., 1999). We excluded all male workers on steroid‐based 
medications, hormone or hormone‐related therapy, cholesterol lowering agents, 
antidepressants, psychotropic medications, or on any medications or drugs that 
can affect cortisol or lipid levels (Liu, Bravata, Cabaccan, Raff, & Ryzen, 2005; 
Ridker et al., 1997; Ridker et al., 1999). Finally, subjects were excluded if they 
were taking medications that affected inflammatory response, reductase 
inhibitors (statins), non‐steroidal anti‐inflammatory drugs (NSAIDs), analgesic 
medications, antidepressants, sedatives, antipsychotic medications, or if they 
had acute illness or were employed in night‐shifts (Elgharib et al., 2003; Gabay & 
Kushner, 1999; Liu et al., 2005; Ridker et al., 1997; Ridker et al., 1999). All 
subjects gave informed consent for this study, which was approved by the 
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Human Research Ethics Committee of The University of Sydney and Jordan 
University. 
Materials and procedures 
 Information was collected on age, race, work characteristics (full‐time/part‐
time), smoking status (current smoker, non‐smoker), and alcohol intake. Four 
self‐reported questionnaires in Arabic were administered: the Effort‐Reward 
Imbalance (ERI) questionnaire  (Almadi et al., 2013a) ; the Perceived Stress Scale 
(PSS) (Almadi et al., 2012a); the International Physical Activity Questionnaire 
(IPAQ) ( Al Hazza, 2006) ; and the Pittsburgh Sleep Quality Index (PSQI) (Almadi 
et al., unpublished). 
The Arabic version of the ERI questionnaire (Almadi et al.,, 2013a) has a 
Cronbach's alpha coefficient of 0.82. It contains 17 items, 6 are related to 
“Effort” and 11 items are related to “Reward.” The items of Effort and Reward 
include 5 responses and are answered in 2 steps. In the first step, the 
respondents are asked whether the item content describes a typical experience 
in their workplace. If the participants agree, they are asked about the level of 
distress by choosing 1 item of a 4‐point Likert scale, ranging from 1 to 4 (1 = “I 
am not at all distressed” to 4 = “I am very distressed”). The ERI ratio was 
calculated as (Effort/Reward) × correction factor (correcting for the difference in 
the numbers of items of the 2 scales; Effort and Reward). A ratio of 1 represents 
a balance of Effort and Reward, whereas a ratio greater than 1 reflects 
disproportionate effort. Individuals with an ERI ratio ≥1 were classified as the 
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stressed group and the remainder with a ratio <1 were in the non‐stressed 
group. Participants were also asked to respond to 6 additional questions on 
work “Over commitment,” which was scored on a 4‐point Likert scale, ranging 
from 1 to 4 (1 = “full disagreement with the statement” to 4 = “full agreement”). 
Higher Over commitment scores indicate high‐risk conditions for physical or 
mental disorders (Van Vegchel et al., 2005).  
Perceived stress was assessed by the Arabic version of the PSS (Almadi et al., 
2012a) with a Cronbach's alpha coefficient of 0.68. The scale measures the level 
of perceived stress experienced over the previous month, and consists of 14 
items with a 5‐point Likert scale, ranging from 0 to 4 (0 = “never” to” 4 = “very 
often”). A high score represents a high level of perceived stress (Cohen  et al., 
1983).  
Participants were asked to answer questions regarding their amount of physical 
activity using the Arabic version of the IPAQ (Al‐Hazza, 2006). The IPAQ has 
undergone extensive validation and reliability assessment, and it contains items 
pertaining to physical activity patterns over the previous week in 4 areas: work, 
home, leisure, and travel (Craig et al., 2003). 
Sleep quality was measured by the Arabic translated version of the PSQI (Almadi 
et al., unpublished), with Cronbach's alpha coefficient of 0.66. The PSQI is a 19‐
item questionnaire about sleep quality in the previous month. The total scores of 
all items are computed to generate 7 component scores with subscale scores of 
0 to 3 for the 7 components: sleep quality, sleep latency, sleep duration, 
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habitual sleep efficiency, sleep disturbances, use of sleep medications, and 
daytime dysfunction. The sum of responses of all 7 components yields a global 
score of sleep quality. A subject with a global PSQI score greater than 5 is 
considered to be a poor sleeper, and a subject with a value of ≤ 5 is considered 
to be a good sleeper (Buysse, et al., 1989). 
In addition to the self‐reported measures, male subjects also provided biologic 
and physiologic data. Subjects were seated for at least 5 minutes in a private 
room before blood pressure was measured with a standard commercial 
sphygmomanometer (Accson, UK). Subject height and weight were recorded, 
and the waist circumference was obtained by measuring at the narrowest point 
between the lower costal (tenth rib) and the iliac crest. BMI was calculated as 
weight (kg) divided by height squared (m2). Venous fasting blood samples were 
collected in plain tubes and centrifuged at 1811 (X g) for 10 minutes at room 
temperature, and serum samples were frozen at −20°C unƟl assayed. Fasting 
blood glucose (FBG) and blood lipid profile (total cholesterol, HDL‐C, 
triglycerides, and LDL‐C) were determined using enzymatic method kits; Glucose, 
Triglycerides, Cholesterol, HDL –C and LDL‐C kits (Randox, UK) (Accent 200 
automated chemistry analyser, Poland). High‐sensitivity CRP was determined 
using a particle‐enhanced immunoturbidimetry method; hs CRP kit with a 
measuring range of 0.085–1600 mg/L (Automated Roche Diagnostics modular 
analyzer, Roche, Switzerland).  
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Subjects also provided self‐sampling of saliva for cortisol assessment. Cortisol 
assessment through saliva sampling has the advantage of easy and non‐invasive 
sample collection (Kirschbaum et al, 1990), especially in an ambulatory setting. 
For example, subjects may collect saliva at any time at home or in the office. 
Therefore, subjects may collect saliva at any time at home or office.  Subjects 
were given clear written instructions with graphic illustrations in addition to 
verbal instructions. Instructions provided the method of saliva collection, with 
emphasis on the importance of timing of saliva collection, and all necessary 
precautions associated with the collection (See Appendix D).  
Samples were collected using cotton dental rolls that were chewed by subjects 
for 1 minute. Cotton rolls were then stored in Salivette tubes (Sarstedt Pty Ltd, 
Australia). Participants were instructed to give 3 saliva samples in a working day. 
The first sample was collected immediately after early morning awakening, while 
they were in bed (sitting up). Subsequent samples were taken at 10 and 20 
minutes after awakening, but before brushing their teeth, eating, drinking, 
smoking, doing physical activity, having shower, or exposing their eyes to direct 
room artificial light or sunlight (Clow, Thorn, Evans, & Hucklebridge, 2004). 
Participants were asked to time their saliva collection accurately and write the 
time of awakening and the time of collection of each sample. Salivette tubes 
were bagged and stored in their home freezer until they came for their morning 
blood collection appointment.  
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Saliva samples were centrifuged for 15 minutes at 3,000 rpm, and salivary 
cortisol was measured immediately once the laboratory received the samples. 
Salivary cortisol levels were measured on an automated immunoassay analyzer 
(Elecsys, Roche, Germany). The study Coordinator (TA) performed all 
biochemical analyses for saliva cortisol and blood sample measurements using 
Sukina Medical Laboratory facility in Amman, Jordan 
The area under the curve (AUC) was calculated using the measurements of 
cortisol concentration over the 3 time points of 0, 10, and 20 minutes ( 
Pruessner, Hellhammer, Pruessner, & Lupien, 2003). The AUC for cortisol level 
after awakening was used as the index of HPA axis activity (Clow et al., 2004; 
Pruessner et al., 1997; Steptoe, Cropley, Griffith, & Kirschbaum, 2000). This 
index shows a high degree of intra‐individual stability when measured over 
several days or weeks (Pruessner et al., 1997). 
Data from 204 subjects were used for the cortisol analysis with data from 60 
subjects being excluded due to either insufficient or missing cortisol samples, or 
missing data for one or more of the main parameters. Data from 146 subjects 
were used in the final CRP analysis with data from 79 subjects being excluded 
due to either CRP levels > 10 mg/L due to acute infections, or other 
inflammatory conditions ( Ford et al., 2003; Jialal et al., 2004), or missing data 
for any of the study’s main parameters. 
. 
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MtS was defined according to the International Diabetes Federation 
(International Diabetes Federation, 2005) criteria of central obesity (waist 
circumference of ≥94 cm for men), plus any 2 of the following 4 factors: 
triglyceride (TG) level of ≥150 mg/dL, HDL ‐Cl of <40 mg/dL, blood pressure 
(systolic blood pressure [SBP] level of ≥130 or diastolic blood pressure [DBP] 
level of ≥85 mm Hg), or fasting plasma glucose of ≥100 mg/dL. 
Statistical analyses  
Baseline characteristics were compared across stress groups (ERI ≥1 and ERI <1) 
and two‐tailed p values were calculated using independent sample t‐tests 
(Sheskin, 2003, page 398). We compared the of MtS across work stress and 
saliva cortisol (AUC) tertiles or CRP tertiles using chi‐square and Fisher's exact 
tests. The chi‐square or Fisher’s test is a statistical test of independence, and is 
applied to the relationship between two categorical variables. In this case the 
variables are: MtS (have or not have MtS), and cortisol or CRP tertiles (high, 
medium, low) (David & Sutton, 2004). The distributions of CRP, physical activity 
score and triglycerides were skewed and were therefore log‐transformed before 
analysis.  
The independent associations of ERI ratio, cortisol (AUC), and CRP with MtS 
were calculated, adjusting for potential confounders, age (Hildrum, Mykletun, 
Hole, Midthjell, & Dahl, 2007; Wener et al., 2000), smoking (Oh et al., 2005; 
McDade et al., 2006; Kasapis & Thompson, 2005), physical activity (Lakka & 
Laaksonen, 2007),  perceived stress (Yoo, Eisenmann & Franke, 2009), sleep 
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(Jennings et al., 2007; Okun et al., 2009), awakening time (Clow et al., 2004), 
work type (Sanchez‐Chaparro et al., 2008), and work Over commitment 
(Steptoe, Siegrist, Kirschbaum, Marmot, 2004). Independent variables including 
the ERI ratio, cortisol (AUC), CRP, awakening time, age, type of work, physical 
activity, and Over commitment scores that were at 25% level of significance 
during univariate logistic regression were carried forward to multivariable binary 
logistic regression for adjustment (Hosmer & Lemeshow, 2000). PSS score, PSQI, 
smoking status and education level with a significance level >25% were excluded 
from further analysis. We used multivariable binary logistic regression analysis 
to adjust for the confounding factors. In addition, we included an interaction 
term in the multivariable logistic regression model to assess the possible 
interaction between the ERI ratio and cortisol or CRP (Hosmer, Lemeshow & 
Sturdivant 2013) . We also conducted separate analyses for the stress groups 
and for central obesity groups. Multivariable linear regression analysis was also 
carried out to evaluate the association between ERI ratio and cortisol (AUC), as 
well as between ERI ratio and CRP with each of the 5 components of MtS 
(Kleinbaum, Kupper, Nizam, & Rosenberg, 2013). For linear regression analysis, 
each component, as dependent variable, was taken on a continuous scale. A 
two‐tailed p‐value of ≤5% was considered significant during multivariable 
regression analysis. All statistical analyses were performed in SPSS (version 19, 
IBM). 
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RESULTS 
Participant characteristics  
The majority of Jordanian workers who participated in this study (74%) were 
aged 26–45 years. In terms of type of work, 74% were engaged in factory 
manual work (Labourer), 88% worked for private companies, and 99% were full 
time workers. Table 6.1 displays the means and standard deviations for all of the 
study variables.  
Using the World Health Organization’s definition of obesity (BMI ≥ 30 < 40 
kg/m2) (WHO, 2004), 25% of the sample was classified as obese. Based on the 
International Diabetes Federation criteria of MtS (International Diabetes 
Federation, 2005), 54% of the sample had a waist circumference of ≥94 cm, 42% 
had high triglycerides (≥150 mg/dL), 25% had high glucose levels (≥100 mg/dL), 
48% had low HDL‐C levels (<40 mg/dL), and 18% had high blood pressure. 
Therefore, 32% of the sample fit the meet the criteria of having MtS. A large 
proportion of the sample (62%) undertook little physical activity (<600 
MET‐min/week), 54% were active smokers, but none reported consuming 
alcohol. We found that 51% were poor sleepers (PSQI >5). High work‐related 
stress, based on an ERI ratio ≥1, was prevalent in 65% of the subjects.  
 Comparison of the stressed and non‐stressed groups  
Table 6.1 shows the comparison of stressed (ERI ratio ≥1) and non‐stressed 
subjects (ERI ratio <1). We found that stressed subjects had significantly higher 
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waist circumference, BMI, cortisol levels at 10 min, cortisol levels at 20 min, and 
cortisol (AUC). In addition, the stressed group had significantly more cases of 
MtS (n=51) than the non‐stressed subjects (n=14, p<0.05). There were no 
significant differences between stressed and non‐stressed subjects regarding 
other stress measures; perceived stress, over commitment, sleep quality. 
Furthermore, the fasting blood profile showed no significant differences.   
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  Table 6.1:  Psychological, physical, physiological, and biochemical characteristics of 
Jordanian male workers: comparison between stressed and non stressed group. 
         Stressed  
Non    
stressed    
        (N=132)   (N=72) 
  n   Mean (SD)     Mean (SD)  Mean (SD)    p* 
Age (year)  198  35.3 (8.8)  35.6 (9.1)  34.7 (8.1)  ns 
Waist (cm)  204  94.1 (12.6)  96.2 (12.3)  90.3 (12.1)  ≤0.001 
BMI (kg.m‐2)  203 26.9 (3.7) 27.4 (3.6) 26.0 (3.6)  <0.05
Perceived stress  204 25.6 (6.9) 25.3 (6.7) 26.1 (7.2)  ns
Over commitment  204 14.3 (3.9) 14.1 (3.7) 14.7 (4.1)  ns
Physical activity (MET)(m/w)  204  1210 (1948)  1138 (1946)  1341 (1958)  ns 
Total sleep quality  204 5.4 (3.1) 5.3 (2.9) 5.7 (3.3)  ns
Fasting blood glucose(mg/dL)  204 91.1 (12.2) 91.9 (12.4) 89.6 (11.3)  ns
LDL‐C ( mg/dL)  204 111.2 (31.6) 111.9 (33.3) 109.9 (28.3)  ns
Total cholesterol (mg/dL)  204 187.1 (36.6) 188.3 (39.9) 184.8 (29.6)  ns
HDL‐C (mg/dL)  204 42.1 (8.7) 42.2 (8.7) 41.9 (8.8)  ns
Triglycerides (mg/dL)  204 155.3 (85.4) 155.9 (84.9) 154.3 (86.9)  ns
Systolic blood pressure 
(mmHg)  200  122 (9)  120 (8)  123 (9)  <0.05 
Diastolic blood pressure 
(mmHg)  200  80 (6)  81 (8)  81 (5)  ns 
Saliva Cortisol 0 time 
(nmol/L)  202  11.3 (5.2)  11.8 (5.6)  10.4 (4.3)  ns 
Saliva  Cortisol 10 time 
(nmol/L)  202  14.7 (6.6)  15.5 (7.1)  13.2 (5.3)  <0.05 
Saliva Cortisol  20 time 
(nmol/L)  202  18.2 (7.9)  19.1 (8.5)  16.6 (6.4)  <0.05 
(Δ cortisol) (20min‐0min) 
(nmol/L)  202  6.9 (4.9)  7.3 (5.1)  6.2 (4.1)  ns 
Cortisol º (nmol/L)  202 305.9 (139.4) 326.9 (153.3) 267.3 (99.2)  <0.05
  * Two‐tailed p value based on independent sample t‐ test. ns; not significant. º Cortisol 
calculated from area under the curve (AUC)                       
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ERI and MtS 
        ERI and MtS through the cortisol pathway 
Multiple regression analysis (Table 6.2) shows that the ERI ratio was significantly 
associated with MtS, even after adjustment for age, type of work, physical 
activity, awakening time, and work over commitment. However, adding cortisol 
expressed in AUC to the model considerably attenuated the association between 
the ERI ratio and MtS. In addition, the interaction between cortisol (AUC) and 
ERI was significantly associated with MtS.  
The prevalence of MtS differed significantly across work stressed (ERI) groups 
and saliva cortisol (AUC) tertiles (p≤0.001; Figure 6.2). The majority of MtS cases 
was present in the highest cortisol (AUC) tertile and stressed group. After 
adjustment for age, type of work, physical activity, awakening time, and work 
Over commitment, the highest cortisol (AUC) tertile significantly predicted MtS 
(OR=11.50, 95% CI: 2.16‐59.14) in subjects who had high stress. In contrast, 
there was no association between cortisol (AUC) and MtS in the non‐stressed 
group. Stressed subjects with either middle or low cortisol (AUC) tertile did not 
differ from the non‐stressed subjects for all tertiles of cortisol (AUC) (Figure 6.2).  
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Figure 6.2: Incidence of MtS across work stress status and tertiles of Cortisol. 
 
 
*Cortisol calculated from Area under the curve (AUC). Low Cortisol tertile <230.5 
nmol/L, middle tertile ≥230.5 < 340 nmol/L, high tertile ≥340 nmol/L  
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Table 6.2: Association between work stress, cortisol and Metabolic syndrome  
                                        Unadjusted   Adjusted+  Adjusted++ 
   OR   (95% CI)  OR   (95% CI)  OR   (95% CI) 
       
Effort Reward ratioª      
(n=192)    
  4.78 *  (2.31‐9.88)  4.74 * (2.13‐10.55)  2.80 ** (1.15‐6.78)  
 
Cortisol º (n=192)  3.03 * (2.08‐4.40)   2.86* (1.92‐4.25)    
 
Effort Reward ratio and Cortisol interaction (n=192) 
  1.84* (1.50‐2.26)  1.83* (1.47‐2.28)   
       
Stressed group (n=126)     
 
Cortisol º                  3.96* (2.39‐6.56)      3.90* (2.23‐6.81)   
 
Effort Reward ratio and Cortisol interaction       
  2.12* (1.60‐2.81)  2.14* (1.53‐2.98)   
       
Non stressed group (n=66)                 
 
Cortisol  1.23ns (0.68‐2.20)   1.15ns (0.52‐2.55)   
 
Effort Reward ratio and Cortisol interaction       
   1.32ns (0.75‐2.32)  1.15ns (0.55‐2.39)       
ª per one unit increase in the Effort Reward ratio (0.1).  º per SD increase in the area under 
the curve (AUC) of three timed cortisol measurements, * p ≤0.001, **p < 0.05,  ns; not 
significant. +Adjusted for age, type of work, physical activity, awakening time and work over 
commitment. ++Adjusted for age, type of work, physical activity, awakening time, work 
over commitment and cortisol expressed in AUC.  
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        ERI and MtS through inflammatory pathway.  
 
Overall, the mean CRP (n=146) was 2.04 ±0.82. There was a significant difference 
between the mean values of CRP for the stressed group (2.14±0.8, n=98) 
compared to the non‐stressed group (1.85±0.82, n=48; p≤0.05). A significant 
difference in mean CRP was also observed between the MtS group (2.47±0.67, 
n=43) and the group without MtS (1.87±0.82, n=103; p≤0.001). 
Table 6.3 shows the regression analysis of ERI adjusted for CRP. The ERI ratio 
after adjustment for other factors remained significantly associated with MtS. In 
addition, CRP was significantly associated with MtS. However, further adjusting 
by entering CRP into the model resulted in the association between ERI ratio and 
MtS being attenuated. The interaction between ERI ratio and CRP levels in 
predicting the chance of MtS was significant.  
Accordingly, we stratified our logistic regression analyses to compare the 
stressed and non‐stressed group. For the stressed group, the adjusted CRP 
remained associated with MtS, but there was no association in the non‐stressed 
group (Table 6.3). Fisher’s exact test showed that MtS was most prevalent 
among stressed subjects in the highest CRP tertile (Figure 6.3; p≤0.001).  
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Figure 6.3: Incidence of MtS across work stress status and tertiles of CRP. 
 
 
 
*Low C‐reactive protein tertile <1.44 mg/L, middle tertile ≥1.44 < 3.50 mg/L, 
 high tertile ≥3.50 mg/L  
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Table 6.3 Association between work stress, C‐reactive protein and Metabolic syndrome  
                                               Unadjusted   Adjusted+  Adjusted++ 
   OR   (95% CI)  OR   (95% CI)  OR   (95% CI) 
       
Effort Reward ratioª    (n=146)     
  2.65** (1.13‐6.25)  3.35** (1.32‐8.53)  2.36ns(0.89‐6.24) 
 
CRP ¹       (n=146)  2.49 * (1.55‐4.01)  2.51* (1.50‐4.20)    
 
Effort Reward ratio and CRP interaction (n=146)   
  1.80* (1.33‐2.42)             1.85* (1.33‐2.57)   
       
Stressed group (n=98)     
CRP                 3.02* (1.67‐5.47)             4.14* (1.99‐8.62)   
 
Effort Reward ratio and CRP interaction     
  1.80* (1.34‐2.42)  2.03* (1.39‐2.98)   
       
Non stressed group (n=48)                 
 
CRP      1.28 ns (0.53‐3.06)          5.62 ns (0.67‐47.40)      
 
Effort Reward ratio and CRP  interaction     
   0.79 ns (0.35‐1.78)          1.90 ns (0.46‐7.87)     
ª  per one unit increase in the Effort Reward ratio (0.1). ¹  per one unit increase in C‐reactive protein 
(Log (1 mg/L)). *p≤ 0.001, ** p < 0.05, ns; not significant. +Adjusted for age, type of work, physical 
activity, awakening time and work over commitment. ++ Adjusted for age, type of work, physical 
activity, awakening time, work over commitment and Log value of C‐reactive protein.  
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ERI and MtS components 
 
       ERI and MtS components through the cortisol pathway.  
Table 6.4a shows that the ERI ratio was associated with the MtS components of 
waist circumference and SBP after adjusting for age, type of work, physical 
activity, awakening time, and work over commitment. The adjusted cortisol level 
AUC showed a significant positive association with waist circumference, SBP, 
and FBG, and a negative association with HDL‐C. Moreover, there was a 
significant interaction between ERI ratio and cortisol AUC level in predicting the 
level of waist circumference, SBP, FBG, and HDL‐C. 
In the stressed group, high cortisol AUC level was significantly associated with 
large waist circumference, high triglyceride level, low HDL level, high SBP, and 
high DBP (Table 6.4b). In contrast, in the non‐stress group, cortisol (AUC) was 
not associated with any of the MtS components (Table 6.4b). 
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     ERI and MtS components through the inflammatory pathway.  
 
Table 6.4a shows that CRP was associated with waist circumference, and 
triglycerides. There was a significant interaction between ERI ratio and CRP 
levels in predicting the levels of waist circumference, triglycerides, and SBP.  
In the stressed group, the CRP levels were higher than in the non‐stressed 
group. Within the stress group, CRP was significantly associated with waist 
circumference (Table 6.4b). In the non‐stressed group, CRP was only associated 
with triglyceride level. 
In a separate analysis, the binary regression was repeated only among subjects 
with upper tertile waist circumference of ≥98.5 cm (n=49). The data showed 
after adjustment, CRP was significantly associated with MtS (OR=4.26, 95% CI: 
1.40‐13.05; p<0.05), but was no longer significantly associated among subjects in 
the mid tertile waist circumference, 88.0 cm to 98.5cm group (n=45). The middle 
waist circumference tertile but not the lower tertile (waist circumference of 
<88cm, n=52) was used as the reference group, since none of the subjects on 
the lower tertile group had MtS.  
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ERI, MtS, and inflammation with central obesity  
Further analysis of subjects with upper tertile waist circumference (≥98.5cm) 
and high stress (ERI ≥1, n=39) showed that, after adjustment for other factors, 
CRP was significantly associated with MtS (OR=5.23, 95% CI: 1.41‐19.45, p<0.05). 
This association was not significant in the non‐stressed group (ERI <1, n=9).  The 
interaction between CRP and cortisol (AUC) was a significant predictor of MtS 
for the stressed group, even after adjustment for other factors (p≤0.001), 
whereas the prediction was not significant for the non‐stressed group.  
Further analysis of data from overweight stressed group (ERI ≥1, BMI ≥25 kg/m2, 
n=86) showed that, after adjustment for other factors, CRP was significantly 
associated with MtS (OR=3.8, 95% CI: 1.75‐8.04, p< 0.05). And the cortisol (AUC) 
was significantly associated with MtS (OR=3.9, 95% CI: 2.11‐7.09, p≤0.001). 
These associations were not significant for the overweight non‐stressed group 
(n=35). 
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Table 6.4a: Associations between work stress, cortisol, C‐ reactive protein and components of metabolic syndrome, adjusted 
for age, type of work, physical activity, wakening time and work over commitment
  Waist   
Circumference 
  Triglycerides  HDL‐C    SBP  DBP  FBG 
  ß t   ß t   ß t    ß t   ß t   ß t
Effort‐Reward ratio ª(n=192) 
 
.22*  3.61    .02 ns 0.28    ‐.01 ns 0.01    .18**  0.24    .02 ns  0.24    .12 tr 1.79
Cortisol  º(n=192)  .17*  2.81    .08 ns 1.14    ‐.20**  ‐2.67   .26*  3.60    .12 ns  1.54    .14** 2.10
CRP¹(n=146)  .31*  4.22    .23** 2.66    ‐.16 tr  ‐1.84   .11 ns  1.26    .05 ns  0.54    .11 ns 1.30
Effort‐Reward ratio and cortisol 
Interaction (n=192) 
.25*  4.00    .11 ns 1.45    ‐.15**  ‐2.00   .28*  3.87    .11 ns  1.43    .17** 2.46
Effort‐Reward ratio and CRP 
Interaction (n=146)  .32* 4.33  .18** 2.07  ‐.12 ns ‐1.39    .19** 2.18 .54 ns 0.61 .13 ns 1.56
ª  per one unit increase in the effort reward ratio (0.1). º per SD increase in the area under the curve (AUC) of three timed cortisol measurements .¹  per 
one unit increase in  C‐reactive protein (Log (1 mg/L)). ß = standardized coefficients, t= t value.  * p≤0.001, **p<0.05, tr ; trend (p>0.05≤0.08), ns; not 
significant 
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Table 6.4b: Associations between work stress, cortisol, C‐ reactive protein and components of metabolic syndrome, adjusted for age, type of 
work, physical activity, wakening time and work over commitment: stressed vs.non stressed. 
 
       Waist   
Circumference 
Triglycerides    HDL‐C     SBP    DBP    FBG 
  ß  t ß t   ß t   ß  t   ß t   ß t
Stressed group             
Cortisol° (n=126)  .17**  2.18 .18** 2.06   ‐.25* ‐2.70   .28**  3.14   .24** 2.75   .15 tr 1.87
Effort‐Reward ratio and cortisol 
interaction (n=126)  .23**  2.86  .19**  2.09   ‐.20** ‐2.19   .25**  2.70    .23**  2.46   .19**  2.28
CRP¹ (n=98)  .38*  4.20  .20 tr  1.91   ‐.20 tr  ‐1.96   .13 ns  1.23    .16 ns  1.58   .06 ns  0.67
Effort‐Reward ratio and CRP 
interaction (n=98)  .34*  3.97  .16 ns  1.58   ‐.19 tr  ‐2.37   .09 ns  0.90    .16 ns  1.55   .14 tr  1.76
Non stressed group     
Cortisol°(n=66)  .14 ns  1.33  ‐.18 ns  ‐1.41   ‐.16 ns ‐1.22   .07ns  0.52    ‐.08 ns  0.57   .04 ns  0.31
Effort‐Reward ratio and cortisol 
interaction (n=66)  .19 tr  1.90  ‐.13 ns  ‐1.05   ‐.22 ns ‐1.71   .06 ns  0.47    ‐.12 ns  0.39   ‐.01 ns  ‐0.10
CRP¹(n=48)  .15 ns  1.07  .48**  2.88   .24 ns 1.31   .09 ns  0.51    .15 ns  0.79   .23 ns  1.22
Effort‐Reward ratio and CRP 
interaction (n=48)  .12 ns  0 .96 .41** 2.97   ‐.31** ‐2.03   ‐.01 ns  ‐0.04   ‐.21 ns ‐1.27   .19 ns 1.16
. º per SD increase in the area under the curve (AUC) of three timed cortisol measurements .¹  per one unit increase in  C‐reactive 
protein (Log (1 mg/L)). ß = standardized coefficients, t= t value. * p≤0.001, **p<0.05, tr ; trend (p>0.05≤0.08), ns; not significant 
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Cortisol measurement immediately on awakening and MtS 
 
Adjustment for cortisol using cortisol measured at awakening (time=0) 
attenuated the association between ERI and MtS (OR=3.70, 95% CI: 1.60‐8.60, 
p<0.05). Even after adjustment for the confounders, the cortisol at time=0 
remained significantly associated with MtS (OR=1.93, 95% CI: 1.35‐2.76, 
p≤0.001). In addition, the interaction between ERI ratio and cortisol time=0 was 
significantly associated with MtS (OR=1.68, 95% CI: 1.35 ‐2.10, p≤0.001). Among 
the stressed group, the adjusted cortisol at time=0 and the interaction between 
cortisol at time=0 and ERI was significantly associated with MtS (OR =2.39, 95% 
CI: 1.47‐3.90, p≤0.001; OR=1.89, 95% CI: 1.37‐2.61, p≤0.001, respectively). In 
contrast, there was no association between cortisol at time=0 or the interaction 
between cortisol at time=0 and ERI with MtS in non‐stressed group. 
Change in cortisol level and MtS 
 
When change in cortisol level (Δ cortisol) (expressed as cortisol level at 20 min − 
cortisol level at time=0) was used in the regression analysis instead of the 
cortisol (AUC), the association between the ERI ratio and MtS was attenuated 
(OR=3.26, 95% CI: 1.41‐7.50, p<0.05). Change in cortisol was significantly 
associated with MtS (OR=2.00, 95% CI: 1.37‐2.93, p≤0.001). Further, there was a 
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significant interaction between ERI ratio and change in cortisol and of MtS 
(OR=1.69, 95% CI: 1.33‐2.14, p≤0.001). Among the stressed group, we found a 
significant association between change in cortisol level and MtS (OR=2.49, 95% 
CI: 1.48‐4.17, p≤0.001). In addition, the interaction between change in cortisol 
and ERI was significantly associated with MtS (OR=1.67, 95% CI: 1.26‐2.22, p≤ 
0.001). In contrast, no such associations were found in the non‐stressed group  
 
DISCUSSION 
A high proportion of Jordanian workers in this study had large waist 
circumference, undertook little physical activity, and were active smokers. When 
stratified by ERI ratio, there were clear differences in waist circumference, BMI, 
SBP, cortisol at awakening, and CRP. Stress activates the HPA and the SMA axes. 
This activation stimulates an increased production of cortisol and CRP, which are 
central to the development of MtS.  In this study, we established a relationship 
between work‐related stress, cortisol, and CRP in predicting MtS.  
First, we showed that a high level of work‐related stress (ERI ratio ≥1) was 
significantly associated with a large waist circumference, high DBP, and to some 
extent, with high FBG level, as well as with a greater number of cases of MtS. 
These results are consistent with studies examining the relationship between 
chronic stress and MtS (Chandola et al., 2006; Raikkonen, Matthews, & Kuller, 
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2007). In contrast, non‐stressed subjects (ERI ratio <1), showed no association 
with the MtS or any of its components.  
To our knowledge, this is the first study addressing this link through two 
pathways, the HPA and SMA pathways, through their effects on the endocrine 
system (cortisol) and inflammatory markers (CRP). Rosmond (2005) has 
hypothesized that stress‐related high cortisol secretion is strongly associated 
with MtS. Few studies have investigated cortisol levels at awakening and ERI 
association, and some showed positive associations (Eller et al., 2012). However, 
other studies have shown inconsistent findings for cortisol levels on awakening 
that were associated with ERI (Bellingrath et al., 2008; Steptoe et al., 2004). 
These inconsistent findings may be due to improper saliva cortisol collection, 
such as non‐compliance with saliva sampling procedures or incorrect timing of 
sample collection. It can be difficult to guarantee true cortisol levels collected in 
ambulatory settings (Kudielka, Broderick, & Kirschbaum, 2003). Exposure to light 
following morning awakening may also affect the morning cortisol levels (Clow 
et al., 2004). In this study, the cortisol samples were collected with care, but 
while all precautions were taken, subjects’ compliance could not be guaranteed. 
Although the awakening response of cortisol measured by AUC shows a high 
degree of intra‐individual stability when measured over several days or weeks 
(Pruessner et al., 1997), this stability has not been tested in the current study, 
where only 1 set of samples was taken for the AUC analysis. 
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We further demonstrated the possible role of saliva cortisol and CRP in the 
development of MtS. Adjusting for saliva cortisol or CRP attenuated the 
association between stress and MtS. CRP elevation may also be a result of 
activation of the stress system (HPA and SMA) (Bruce, Rodman, & Newman, 
2007; Rippe, 2012). Although hypercortisolemia‐related stress appears to be a 
specific risk factor for MtS, the association for high CRP‐related stress was only 
found in those with central obesity, consistent with many other studies (Hak et 
al., 1999; Lemieux et al., 2001; Saijo et al., 2004). A mechanism that explains the 
elevated CRP levels is that adipose tissues secrete proinflammatory cytokines 
(Kern et al., 2001), which in turn induce the synthesis and secretion of CRP by 
the liver (Papanicolaou et al., 1998). A synergistic effect of central obesity and 
work stress, acting together to intensify CRP production, is highly plausible 
(Dixon et al., 2008; Laaksonen et al., 2004; Visser et al., 1999).Indeed, weight 
loss was not only associated with a decrease in CRP level (Selvin, Paynter, & 
Erlinger, 2007), but also a reduction in psychological stress (Bruce et al., 2007; 
Rippe, 2012). This stress attenuates HPA and SMA activation, and in turn 
reduces cytokines and CRP production (Black, 2002; Gabay & Kushner, 1999).  In 
addition, visceral fat loss may lead to decreased number of glucocorticoid 
receptors within visceral areas. Eventually, decreases in cortisol activity may 
lead to less abdominal fat deposition (McInnes et al., 2004; Tomlinson, Finney, 
Hughes, Hughes, & Stewart, 2008). 
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There are additional limitations to our study, such as the relatively small sample 
size of the study, particularly the small number of subjects with central obesity, 
which has an impact on the statistical power of this study. The strength of this 
study is the application of strict subject inclusion/ exclusion criteria that 
excluded all medical conditions that may impact cortisol or CRP levels. The ERI 
questionnaire is a commonly used scale that is designed to measure work stress, 
which has been linked to poor health outcomes (Siegrist, 2002). Thus, persons 
with psychiatric diagnoses of work‐related stress would be expected to show a 
stronger positive association with MtS. In addition, this study indicated that 
Jordanian workers reported generally high level of work stress when assessed on 
the ERI questionnaire compared to other cohorts from European countries 
(Siegrist et al., 2004). This higher level of stress suggests Jordanian workers had 
higher perceived work effort and higher job demand, but job satisfaction was 
lower than workers in the samples from other nations (Siegrist et al., 2004). 
Additional research is recommended to explore the work‐stress relationship 
(high ERI ratio) and its long‐term health impact on workers in Jordan.  
In conclusion, our results suggest that work‐related stress and its resulting 
hypercortisolemia and augmented CRP, synergistically contribute to the 
development of MtS in middle‐aged Jordanian workers. High work‐related stress 
in the presence of central obesity predisposes Jordanian workers to increased 
risk of MtS, potentially working through inflammatory pathways. These 
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measures could also lead to an increased risk for developing cardiovascular 
disease or diabetes. These findings have important health implications for stress 
at work. Further research involving prospective studies should confirm our 
findings and investigate the causality and direction of the relationships among 
ERI, cortisol, inflammation (CRP), central obesity, overweight and MtS. 
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CHAPTER 7 
 
CONCLUSIONS 
 
This thesis reports on a novel field study of middle‐aged Jordanian workers 
recruited from industrial and the school teaching community. It addressed work 
stress and its link to MtS, together with translation of several questionnaires into 
Arabic. 
 
SUMMARY AND CONCLUSION 
 
Work stress, inflammation (CRP), Cortisol and MtS 
 
The research identified work‐related stress as an important factor associated 
with the inflammatory marker, C‐reactive protein, especially in centrally obese 
workers. Building on the initial findings of study four, we have examined the link 
between work stress and MtS through hypercortisolemia and CRP. Work‐related 
stress, in this thesis, was identified based on the level of Effort‐Reward 
imbalance. Other covariates examined included workers’ perceived stress, sleep 
quality and physical activity levels.  
To ensure methodological rigour of this study, we have applied strict subject 
criteria that excluded all medical conditions that could have potentially elevated 
cortisol or CRP level. Thus these applied criteria avoided ambiguity of results. 
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Our findings demonstrated a significant synergistic contribution of 
hypercortisolemia and augmented CRP in stressed subjects to the development 
of MtS. These findings have significant implications for occupational health 
bodies in using CRP and cortisol as biochemical measures to determine the 
impact of high work stress, and to consider the risks of such stress on the 
development of MtS in workers, particularly those that are overweight and 
central obese.  
 
 
Translation and validation of questionnaires 
 
At the time of conducting these studies, there were no validated Arabic version 
of Effort‐Reward imbalance questionnaire (ERI), perceived stress scale (PSS‐14), 
Pittsburgh sleep quality index (PSQI) questionnaire. Hence, one aspect of the 
thesis was to produce an Arabic version of the questionnaires: ERI, PSS‐14 and 
PSQI.  One strength of this thesis is the rigorous process used for the translation 
and validation of these questionnaires. The translation process employed a wide 
and varied range of translators to balance issues between linguistic and cross‐
cultural concerns (Hambleton, 1994; Van de Vivjer & Hambleton, 1996). The 
process included 7 separate steps of translation and back‐translation, involving 
professional translators, married couples with an English speaking and Arabic 
speaking background, as well as translators with health and academic 
backgrounds. The Arabic versions of the questionnaires have demonstrated 
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good internal consistency and reliability. Therefore, these Arabic versions of the 
PSS‐14, ERI and PSQI are suitable instruments to assess perceived stress, work 
related stress and sleep quality, respectively, for Arabic speakers. 
 
 
LIMITATIONS OF THE PROJECTS 
 
The cross‐sectional design of this project did not allow us to investigate the 
causality and direction of the relationships among work‐related stress, cortisol, 
CRP, central obesity and MtS. A longitudinal design would yield data that 
allowed explanations of cause and effect.  
 
We have addressed the relatively small sample size, particularly the small 
number of centrally obese subjects, which limits the statistical power of the 
study. Our cross‐sectional study was limited to male samples only, suggesting a 
need to include females in study trials. A further limitation due to financial 
considerations was that only one inflammatory marker (CRP) was examined, 
although other inflammatory markers such as interleukin‐6 [IL‐6] is similarly 
predictive of MtS (Pickup et al.,1997). However, CRP is considered to be the 
strongest predictor of MtS when compared to other inflammatory markers 
(Ridker et al, 2003).  
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Regarding the Arabic versions of the questionnaires, further studies using a 
larger sample size are needed to assess the cross‐cultural validity of this scale 
using confirmatory factorial analysis. Future studies could also examine 
convergent validity of the Arabic version of PSS‐14, by assessing correlations 
between the Arabic version of the PSS‐14 scores and other scales measuring 
perceived stress, and similarly for ERI and PSQI. 
 
FUTURE DIRECTIONS 
 
A majority of people spend about two‐thirds of their lifetime at work. The 
Australian Bureau of Statistics census (2002) showed that approximately 1.7 
million Australia workers (one in six) worked 44 hours or more each week. These 
statistics suggest limited time left for family life, leisure, sleep and recovery. 
Added to the work scene are work place harassment, bullying, poor work ethics, 
and poor leadership that may result in psychological distress and subsequent 
physical ill health (EU‐OSHA, 2007). It is the chronic nature of persistent stress 
and an inability to cope with stress that, in due course, leads to poor health. The 
current investigation provided a glimpse of how work‐related stress may 
impinge on physical health, and that individuals with central obesity are 
particularly at greater risk. This area of research is worthy of further perusal 
because of the enormity of the implications for human health and longevity.  
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Further research involving prospective studies should confirm our findings and 
investigate the causality and direction of the relationships between work‐related 
stress and MtS. Longitudinal studies including recruitment of female 
participants, with baseline measurements and follow‐up at two time points 12 
months apart, will elucidate the cause‐and‐effect of the impact of work stress on 
the development of MtS. Another important direction for investigations is to 
address the source of work stress. Apart from Effort‐Reward imbalance, other 
stressors include workplace bullying and work under‐recovery due to inadequate 
sleep. Importantly, the psychological aspect of work stress and its contributions 
to MtS will be worthy of investigation in future studies.  
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Faculty of Health Science    
Discipline of Exercise and 
Sport Science ‐ East 
Street‐Lidcombe 
PO Box 170 Lidcombe  
NSW 1825 Australia 
 
Research Study into the role of stress in the development of the metabolic 
syndrome  
 
Participant Information Sheet 
You are  invited  to  take part  in a  research study  into “The  role of stress  in  the 
development  of  metabolic  syndrome”.  The  study  objective  is  to  investigate 
whether stress disturbs a specific hormonal balance  in our body  leading to the 
development  of  the  metabolic  syndrome.  The  study  is  being  conducted  by 
Tawfiq Almadi and will form the basis of his PhD Project; under the supervision 
of Dr Ian Cathers and Dr Chin‐Moi Chow. 
If  you  agree  to  participate  in  this  study,  you  will  be  asked  to  complete  the 
questionnaires  about  stress,  your  physical  activity,  sleep  quality  and 
demographic  information  (age, occupation  type,  job  level and general health). 
This will take about 25 minutes to complete.  
 
We will measure  your  height, weight, waist  circumference  and  resting  blood 
pressure. We will also collect a fasting blood sample (~10 mL) for the analysis of 
chemicals  related  to  the metabolic  syndrome.  The  sample  will  be  drawn  by 
Tawfiq  Almadi  and/or  Dr  Chin‐Moi  Chow  who  are  qualified  to  perform 
venipuncture. With any blood collection procedure there is slight pain in needle 
insertion and a  small  risk of bruising. The measurements and blood  collection 
will  take about 15 minutes and  this will be done at a  time  suitable  for you. A 
light breakfast will be available following your blood collection. On one occasion 
at  home,  following  waking,  you  will  collect  a  sample  of  your  saliva  into  a 
container provided. Instructions for salivary collection are attached.  
 
You  will  not  receive  any  direct  benefits  from  this  study.  However  your 
participation is extremely valuable to medical research and will help us to gain a 
better understanding of how stress may increase the risk of metabolic syndrome 
and  cardiovascular  diseases.  All  your  blood,  saliva  tests  and  blood  pressure 
measurements will be  reviewed by a qualified General Practitioner  to  identify 
whether any of these are outside the normal range. If this is the case, a copy of 
your  results  will  be  sent  both  to  you  and  another  copy  to  your  General 
Practitioner. If any of your results are outside the normal range, but you do not 
identify a personal General Practitioner we will send you a copy of your results 
and  suggest  that  you  seek medical  advice  from  a General practitioner.  If  you 
would like the results of your tests even if they are within normal ranges, we can 
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post them to you. You need to keep in mind that these are research results and 
may  not  provide  clinical  evidence.  You may wish  to  discuss  them with  your 
medical practitioner.  
 
All aspects of  the  study,  including  results, will be  strictly confidential and only 
the  investigators  named  above  will  have  access  to  the  information.  All 
information will  be  anonymous  and we will  only  use  a  code  for  your  data. A 
report of the study may be submitted for publication, but individual participants 
will not be identifiable in such a report.  
Participation is completely voluntary and you may withdraw at any time without 
prejudice.  
 
When you have read this information, Tawfiq Almadi is available to answer any 
questions you may have and discuss the study further. If you would like to know 
more at any stage, please feel free to contact Dr Ian Cathers, Chief Investigator, 
(02) 9351 9287. This information sheet is for you to keep.  
 
Any person with concerns or complaints about the conduct of a research study 
can  contact  the  Senior  Ethics  Officer,  Ethics  Administration,  University  of 
Sydney  on  (02)  9351  4811  (Telephone);  (02)  9351  6706  (Facsimile)  or 
gbriody@usyd.edu.au (Email). 
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 ﻓﻲ ﺗطور اﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔ اﻟﻧﻔﺳــــــــــــﻲدراﺳﺔ ﺑﺣﺛﻳﺔ ﻓﻲ دور اﻹرﻫﺎق
 teehS noitamrofnI tnapicitraP  ﺑطﺎﻗﺔ ﻣﻌﻠوﻣﺎت ﻟﻠﻣﺷﺎرك 
  .أﻧت ﻣدﻋو ﻟﻠﻣﺷﺎرﻛﺔ ﻓﻲ دراﺳﺔ ﺑﺣﺛﻳﺔ ﻓﻲ دور اﻹرﻫﺎق ﻓﻲ ﺗطور اﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔ     
ﻣﺣدد ﻓﻲ أﺟﺳﺎﻣﻧﺎ ﻣﻣﺎ ﻳؤدي إﻟﻰ اﻹﺻﺎﺑﺔ  ﻫرﻣوﻧﻲاﺗزان   ﻫدف اﻟدراﺳﺔ اﻟﺗﺣﻘق ﻓﻳﻣﺎ إذا ﻛﺎن اﻹرﻫﺎق واﻟﺿﻐوط اﻟﻧﻔﺳﻳﺔ ﺗﺧﻝ ﻓﻲ -
  .ﺑﺎﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔ
  .ﻫذﻩ اﻟدراﺳﺔ ﻳﺟرﻳﻬﺎ ﺗوﻓﻳق اﻟﻣﺎﺿﻲ وﺳﺗﻛون اﻷﺳﺎس ﻟﻣﺷروﻋﻪ ﻟﻠﺣﺻوﻝ ﻋﻠﻰ اﻟدﻛﺗوراﻩ ﺑﺈﺷراف اﻟدﻛﺗورة ﺟن ﻣﻳو ﺟن     
ﺑﺎﻹرﻫﺎق و ﺑﻧﺷﺎطك اﻟﺑدﻧﻲ وﺑﻧوﻋﻳﺔ ﻧوﻣك  إذا واﻓﻘت ﻋﻠﻰ اﻟﻣﺷﺎرﻛﺔ ﺑﻬذﻩ اﻟدراﺳﺔ ﺳوف ﻧطﻠب ﻣﻧك اﻹﺟﺎﺑﺔ ﻋﻠﻰ أﺳﺋﻠﺔ ﺗﺗﻌﻠق     
 52  ﻟﻺﺟﺎﺑﺔ ﻋن ﻫذﻩ اﻷﺳﺋﻠﺔ ﻧﺣﺗﺎج اﻟﻰ(. ﻣﺛﻝ اﻟﻌﻣر ، ﻧوع اﻟﻣﻬﻧﺔ ، اﻟدرﺟﺔ اﻟوظﻳﻔﻳﺔ ، واﻟﺻﺣﺔ اﻟﻌﺎﻣﺔ)وﻋن ﻣﻌﻠوﻣﺎﺗك اﻟدﻣﻐراﻓﻳﺔ 
  .ﻣن وﻗﺗك دﻗﻳﻘﺔ 
ﻣﻝ وأﻧت ﺻﺎﺋم  01و ﺳﻧﻘوم ﻛذﻟك ﺑﺳﺣب ﻋﻳﻧﺔ دم ﻣﻧك . ﺳوف ﻧﻘوم ﺑﻘﻳﺎس طوﻟك ووزﻧك وﻣﺣﻳط ﺧﺻرك وﺿﻐط دﻣك -
اﻟﻌﻳﻧﺔ ﺳﻳﻘوم ﺑﺳﺣﺑﻬﺎ ﻣﻧك ﺗوﻓﻳق اﻟﻣﺎﺿﻲ وﻫو .  وذﻟك ﻹﺟراء ﻓﺣوﺻﺎت ﻣﺧﺑرﻳﺔ ﺗﺗﻌﻠق ﺑﺎﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔ( ﻗﺑﻝ أن ﺗﻔطر)
ﻣﻊ أي ﻋﻣﻠﻳﺔ ﺳﺣب دم ﻫﻧﺎك ﻓرﺻﺔ ﻗﻠﻳﻠﺔ ﻟﻸﻟم ﻟﻧﻐز اﻹﺑرة وﻓرﺻﺔ ﻗﻠﻳﻠﺔ ﻟﺣﺻوﻝ ﻛدﻣﺔ .  ﺷﺧص ﻣؤﻫﻝ ﻟﻠﻘﻳﺎم ﺑﺳﺣب اﻟدم
ﺳﺗﻘدم ﻟك وﺟﺑﺔ ﻓطور ﺧﻔﻳﻔﺔ ﺑﻌد .  دﻗﻳﻘﺔ وﺗﺟري ﺑوﻗت ﻳﻧﺎﺳﺑك 51اﻟدم ﺗﺳﺗﻐرق ﻛﻝ اﻟﻘﻳﺎﺳﺎت وﻋﻣﻠﻳﺔ ﺳﺣب .  ﺻﻐﻳرة
 .إﺗﻣﺎم ﺳﺣب اﻟدم ﻣﻧك
ﻣﻌﻠوﻣﺎت ﻛﻳﻔﻳﺔ : ﻣﻼﺣظﺔ . ﻓﻲ إﺣدى اﻟﻣرات وﻓﻲ اﻟﺑﻳت ﺑﻌد أن ﺗﺻﺣو ﻣن اﻟﻧوم ﺻﺑﺎﺣًﺎ ﺳوف ﺗﻘوم ﺑﺟﻣﻊ ﻋﻳﻧﺎت ﻣن اﻟﻠﻌﺎب   ‐
 .ﻻﺣﻘﺎ ﺟﻣﻊ اﻟﻠﻌﺎب ﻣرﻓﻘﺔ
اﻟدراﺳﺔ وﻟﻛن ﻣﺷﺎرﻛﺗك ﺗﻌد ﺑﻐﺎﻳﺔ اﻷﻫﻣﻳﺔ ﻟﻠﺑﺣث اﻟطﺑﻲ وﺳوف ﺗﺳﺎﻋدﻧﺎ ﻟﻛﺳب ﻓﻬم أﻓﺿﻝ ﻛﻳف أن  ﻟن ﺗﺗﻠﻘﻰ أي ﻓواﺋد ﻣﺑﺎﺷرة ﻣن ﻫذﻩ
  .اﻹرﻫﺎق ﻗد ﻳؤدي إﻟﻰ زﻳﺎدة ﻓرص اﻹﺻﺎﺑﺔ ﺑﺎﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔ وأﻣراض اﻟﻘﻠب واﻷوﻋﻳﺔ اﻟدﻣوﻳﺔ
 ,ﺎﻧت اﻟﻧﺗﺎﺋﺞ ﺧﺎرج اﻟﻣﺳﺗوى اﻟطﺑﻳﻌﻲﺳﻳﻘوم طﺑﻳب ﻣؤﻫﻝ ﺑﻣراﺟﻌﺔ ﻛﻝ ﻧﺗﺎﺋﺞ ﻓﺣوﺻﺎت دﻣك وﻟﻌﺎﺑك وﺿﻐط دﻣك ﻟﺗﺣدﻳد ﻓﻳﻣﺎ إذا ﻛ     
  .ﻓﻲ ﺣﺎﻟﺔ إذا ﻛﺎن ﻫﻧﺎك أي ﻧﺗﻳﺟﺔ ﻏﻳر طﺑﻳﻌﻳﺔ ﺳﻧرﺳﻝ ﻧﺳﺧﺔ ﻣن ﻧﺗﺎﺋﺟك ﻟك وﻧﺳﺧﺔ إﻟﻰ طﺑﻳﺑك اﻟﻌﺎم
إذا ﻛﺎﻧت إﺣدى ﻫذﻩ اﻟﻧﺗﺎﺋﺞ ﺧﺎرج اﻟﻣﺳﺗوى اﻟطﺑﻳﻌﻲ وﻟم ﺗﺣدد ﻟﻧﺎ اﺳم طﺑﻳﺑك اﻟﻌﺎم ﺳﻧرﺳﻝ ﻟك ﻧﺳﺧﺔ ﻣن ﻧﺗﺎﺋﺞ ﻓﺣوﺻﺎﺗك ﻣﻊ      
ﻧﺗﺎﺋﺞ ﻓﺣوﺻﺎﺗك ﺣﺗﻰ وان ﻛﺎﻧت ﻓﻲ اﻟﻣﺳﺗوى اﻟطﺑﻳﻌﻲ ﺳﺗرﺳﻝ   ﻣﻌرﻓﺔ اردت إذا.  ﻳﺣﺔ اﻟطﺑﻳﺔ ﻣن طﺑﻳﺑك اﻟﻌﺎمﺗوﺻﻳﺔ ﺑﺄن ﺗطﻠب اﻟﻧﺻ
ﺑﺎﺳﺗطﺎﻋﺗك ﻣﻧﺎﻗﺷﺔ ﻧﺗﺎﺋﺞ .  ﻟك ﺑﺎﻟﺑرﻳد وﻟﻛن ﻋﻠﻳك أن ﺗﺗذﻛر أن ﻫذﻩ اﻟﻧﺗﺎﺋﺞ ﻫﻲ ﻧﺗﺎﺋﺞ ﺑﺣث ﻋﻠﻣﻲ وﻗد ﻻ ﺗوﻓر ﻟك دﻟﻳﻝ ﺳرﻳري
  .  طﺑﻳﺑك اﻟﻌﺎم إذا أردت ذﻟك ﻣﻊﻓﺣوﺻﺎﺗك 
  .ﻣﺎ ﻳﺗﻌﻠق ﺑﻬذﻩ اﻟدراﺳﺔ وﻛﻝ اﻟﻧﺗﺎﺋﺞ ﺳﺗﻛون ﺳرﻳﺔ ﺟدًا ﻟن ﻳطﻠﻊ ﻋﻠﻳﻬﺎ إﻻ اﻟﺑﺎﺣﺛون اﻟذﻳن ذﻛر أﺳﻣﺎؤﻫم ﻓﻲ ﻫذﻩ اﻟﺑطﺎﻗﺔ ﻛﻝ     
  .ﻛﻝ اﻟﻣﻌﻠوﻣﺎت واﻟﺑﻳﺎﻧﺎت اﻟﺗﻲ ﺗﺟﻣﻊ ﻣﻧك ﻟن ﻳظﻬر اﺳﻣك وٕاﻧﻣﺎ ﺳوف ﻧﺳﺗﺧدم ﺑدﻝ اﻻﺳم رﻗم رﻣزي ﻓـــــــــﻲ     
  .ﺗم اﻹﻓﺻﺎح ﻋن أﺳﻣﺎء اﻟﻣﺷﺎرﻛﻳن ﻓﻲ ﻫذا اﻟﺑﺣثﺗﻘرﻳر ﻋن ﻫذﻩ اﻟدراﺳﺔ ﻗد ﻳرﺳﻝ ﻟﻠﻧﺷر وﻟﻛن ﻟن ﻳ     
  .اﻟﻣﺷﺎرﻛﺔ ﻓﻲ ﻫذا اﻟﺑﺣث ﻫﻲ ﻓﻲ ﺷﻛﻝ ﻛﺎﻣﻝ ﺗطوﻋﻳﺔ وﺑﺎﺳﺗطﺎﻋﺗك اﻻﻧﺳﺣﺎب ﻣﻧﻬﺎ ﻓﻲ أي وﻗت ﺑدون أي إﺟراء ﺿدك     
ﻛﻝ أﻋﻣق ﻋﻧدﻣﺎ ﺗﻘرأ ﻫذﻩ اﻟﻣﻌﻠوﻣﺎت ﺳﻳﻛون ﺗوﻓﻳق اﻟﻣﺎﺿﻲ ﻣﺗواﺟد ﻟﻺﺟﺎﺑﺔ ﻋﻠﻰ أي ﺳؤاﻝ ﻟدﻳك وﺑﺎﺳﺗطﺎﻋﺗك ﻣﻧﺎﻗﺷﺔ اﻟدراﺳﺔ ﺑﺷ     
 . ﻣﻌﻪ
اﺣداﻟﻣﺷرﻓﻳن ﻋﻠﻰ ﻫذﻩ  ﻣﻧﺻـــــــــور اﻳﻣن. إذا أردت أن ﺗﻌرف أﻛﺛر ﻓﻲ أي ﻣرﺣﻠﺔ ﻣن اﻟﺑﺣث ﻣن ﻓﺿﻠك ﻻ ﺗﺗردد ﺑﺎﻻﺗﺻﺎﻝ ﺑﺎﻟدﻛﺗور 
  80132ﻓرﻋﻲ 0005535اﻟدراﺳﺔ ﺗﻠﻔون
                              
اﻻﺗﺻﺎﻝ ﺑﺎﻟدﻛﺗورة رﻳﻣﺎاﻟﺻﻔدي رﺋﻳﺳﺔ ﻟﺟﻧﺔ  ﺳﺗطﻳﻊﻳ أي ﺷﺧص ﻟدﻳﻪ ﻗﻠق أو ﺷﻛوى ﺑﺷﺄن اﻟطرﻳﻘﺔ اﻟﺗﻲ ﺗﻧﻔذ ﺑﻬﺎ ﻫذﻩ اﻟدراﺳﺔ     
او ﺑﺎﻟﺑرﻳداﻻﻛﺗروﻧﻲ  3887335او ﻓﺎﻛس  08132ﻓرﻋﻲ 0005535اﻟﺑﺣث اﻟﻌﻠﻣﻲ ﻓﻲ ﻛﻠﻳﺔ اﻟﺗﻣرﻳض ﺑﺎﻟﺟﺎﻣﻌﺔ اﻷردﻧﻳﺔ ﺗﻠﻔون
 oj.ude.uj@idafas.r  
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Faculty of Health Science 
Discipline of Exercise and 
Sport  Science ‐ East 
Street‐Lidcombe 
PO Box 170 Lidcombe  
NSW 1825 Australia 
 
  
PARTICIPANT CONSENT FORM  
 
RESEARCH STUDY INTO THE ROLE OF STRESS IN THE DEVELOPMENT OF THE 
METABOLIC SYNDROME 
 
. 
 
I,......................................................................................................................... 
 
have read and understood the information for participants on the above named 
research study and have discussed any questions I have with the researcher/s.  
 
I am aware of the procedures involved in the study, including any inconvenience 
or risk, and their implications.  
 
I  freely choose  to participate  in  this study and understand  that  I can withdraw 
without penalty at any time.  
 
If any of my blood, saliva tests or blood pressure results are outside the normal 
range, I agree to having my results sent to both myself and my personal General 
Practitioner.  If  I have not  identified a personal General Practitioner,  I agree  to 
have my  results  sent  to myself with  the  suggestion  that  I  seek medical advice 
from a General Practitioner. 
 
I also understand that the research study is strictly confidential.  
 
I hereby agree to participate in this research study.  
 
 
Signature:......................................................................................................... 
  
Name:................................................................................................................ 
  
Date:.................................................................................................................. 
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 ﻧﻣوذج ﻣواﻓﻘﺔ ﻋﻠﻰ اﻻﺷﺗراك ﻓﻲ ﺑﺣث ﻋﻠﻣﻲ
 ﻓﻲ ﺗطور اﻟﻣﺗﻼزﻣﺔ اﻷﻳﺿﻳﺔاﻟﻧﻔﺳــــــــــــﻲ ﻫﺎقﻲ دور اﻹر دراﺳﺔ ﺑﺣﺛﻳﺔ ﻓ
 
 
اﻧﺎ
 .........................................................................................................................
 اي اﺳﺋﻠﺔ  اﻟﻣذﻛورة اﻋﻼﻩ وﻗد ﻧﺎﻗﺷت ﻓﻲ اﻟدراﺳﺔ  ﻟﻘد ﻗرأت وﻓﻬﻣت اﻟﻣﻌﻠوﻣﺎت اﻟﻣوﺟﻬﺔ اﻟﻰ اﻟﻣﺷﺎرﻛﻳن
ﺑﻣﺎ ﻓﻲ ذﻟك اي ،  واﻧﺎ ﻋﻠﻰ ﺑﻳﻧﺔ ﻣن اﻻﺟراءات اﻟﺗﻲ ﺗﻧطوي ﻋﻠﻳﻬﺎ ﻓﻲ اﻟدراﺳﻪ  .اﻟﺑﺎﺣﺛﻳن /ﻟﻲ ﻣﻊ اﻟﺑﺎﺣث
 .ازﻋﺎج او ﺧطر ، واﻵﺛﺎر اﻟﻣﺗرﺗﺑﺔ ﻋﻠﻳﻬﺎ
 
اﻟﻣﺷﺎرﻛﺔ  ﻓﻲ ﻫذﻩ اﻟدراﺳﻪ ، واﻓﻬم اﻧﻲ اﺳﺗطﻳﻊ اﻻﻧﺳﺣﺎب ﻣﻧﻬﺎ دون ﻋﻘوﺑﺔ ﻓﻲ  واﻧﺎ اﺧﺗرت ﺑﺷﻛﻝ ﺣر
                                                                                                               .                 اي وﻗت
اواﻓق ﻋﻠﻰ ارﺳﺎﻝ    ، ﺧﺎرج اﻟﻣﺳﺗوى اﻟطﺑﻳﻌﻲ  اذا ﻛﺎن اي ﻣن ﻧﺗﺎﺋﺞ ﻓﺣوﺻﺎت دﻣﻲ او ﻟﻌﺎﺑﻲ اوﺿﻐط دﻣﻲ
ت ﻟم اﺣدد  ﺷﺧﺻﻳﺔ طﺑﻳﺑﻲ  اﻟﻌﺎم ، ﻓﺎﻧﻧﻲ اواﻓق اذا ﻛﻧ ،ﻧﺳﺧﺔ ﻣن ﻧﺗﺎﺋﺟﻲ ﻟﻲ  وﻧﺳﺧﺔ إﻟﻰ طﺑﻳﺑﻲ اﻟﻌﺎم
  .ﻋﻠﻰ ان ﺗرﺳﻝ اﻟﻧﺗﺎﺋﺞ ﻟﻲ ﺷﺧﺻﻳﺎ ﻣﻊ ﺗوﺻﻳﺔ ﺑﺎﻟﺗﻣﺎس اﻟﻣﺷورﻩ اﻟطﺑﻳﺔ ﻣن طﺑﻳب ﻋﺎم
 
 وأﻓﻬم اﻳﺿﺎ ان اﻟدراﺳﻪ اﻟﺑﺣﺛﻳﻪ ﻫﻲ ﺳرﻳﺔ ﺗﻣﺎﻣﺎ
 
 .وﺑﻣوﺟب ﻫذا اوﻓق ﻋﻠﻰ اﻟﻣﺷﺎرﻛﺔ ﺑﻬذة اﻟدراﺳﺔ اﻟﺑﺣﺛﻳﺔ
 
 
  ………………………………………………………………………اﻟﺗوﻗﻳﻊ
 
  .………………………………………………………………………ﺳماﻻ
 
 ………………………………………………………………………اﻟﺗﺎرﻳﺦ
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Is work Stress making us 
unhealthier?
Faculty of Health Science-Sydney University- is 
seeking volunteers to participate in  this study 
investigating the relationship between stress and 
the development of obesity, increased cholesterol, 
blood pressure and disturbance in body glucose 
control.
We need around 30 min of your time and 10 mL
of your blood. Eligible participants must be :
Male employees and  more than 18 years old.
These tests will be done for you free of charge: 
Blood cholesterol, triglycerides, glucose and 
inflammatory marker levels 
To find out more about this study please call : 
Tawfiq Almadi 04 0175 4434   
talm3809@usyd.edu.au
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APPENDIX B 
 
SCREENING AND DEMOGRAPHIC QUESTIONNAIRES  
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Screening Questionnaire 
 
 
Code number:    
 
This questionnaire will assess your suitability as a participant for this research 
study. Please answer all the questions. If you are in doubt about any of the 
questions you may consult with your general medical practitioner, or ask the 
researcher Tawfiq Almadi  by calling or SMS mobile 04 0175 4434 or email: 
talm3809@usyd.edu.au   
 
 
       Yes       No
1. Are you a male employee and more than 18 years old?
  
 
            
2. Are you willing to undergo measures of your body dimensions
            
3. Are you willing to complete the stress, sleep , physical activity,
and demographic data questionnaires? 
 
            
4. Are you willing to collect salivary samples and donate a 10 mL 
fasting blood sample? 
 
          
 
If you answer ‘No’ to any of the above question, please do not proceed. You are 
not a potential subject, Thank you.   
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5. Do you have any of the following conditions? 
 
     Yes       No
Acute infection during the last 2 weeks
           
Liver diseases 
         
Chronic viral illness  
           
Known cardiovascular diseases (excluding hypertension.)
         
Rheumatoid arthritis and /or connective tissue disease 
(e.g., lupus erythematosus, Wegener's granulomatosis) 
 
          
Sepsis and vasculitis 
         
Tumor disease 
         
Serious injury or surgical operation in the last 6 months
         
Neurological and/or endocrine conditions
                                                    
If you answered ‘Yes’ to any of the above questions, please do not proceed. 
Thank you.  
  
 
6. Do you take one or more of the following medications? 
 
     Yes       No
Aspirin or 3‐hydroxy‐3‐methylglutaryl‐coenzymeA reductase 
inhibitors ‐  “statins" 
 
            
Cholesterol lowering agents
         
Any sort of Glucocorticoids ‐ “steroid“
           
Antidepressants or psychotropic medications
            
 
If you answered ‘Yes’ to any of the above questions, please do not proceed. 
Thank you.  
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7.   Has your doctor ever said you have one or more of the following conditions?  
Please choose one of the following:  
 
  0
I have never 
been diagnosed 
with this 
condition 
1
Been diagnosed 
recently (less 
than one year) 
2
Been diagnosed 
more than 1 
year 
Hypertension 
       
Noninsulin‐dependent  
diabetes mellitus 
 
     
Insulin‐dependent diabetes 
mellitus 
 
     
 
 
8.   Which of these describes 
you?    Current smoker    Never smoke 
   X‐Smoker 
 
 
How many cigarettes, cigars or pipefuls of tobacco did (do) you use daily? 
…………….  
(Circle type of usage) 
 
If you are an ex‐smoker: 
 
How long ago did you stop? …………………. 
 
For how long did (have) you smoke (d)? ………….
 
  Yes  No
9.  Do you drink alcohol?
            
If Yes, how many standard drinks would you have in a normal week? .............
"One standard drink: 
A can of Beer (330mL) or a glass of table wine(100mL) or a nip of spirits (30mL)"
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10.  Please write down all of the medications that you take regularly and their 
doses: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name of Medication Doses 
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 eriannoitseuQ gnineercS  استبيان تقيمي
                                  
 
                           اﻟرﻗم اﻟرﻣز  :
. اﻟرﺟﺎء اﻻﺟﺎﺑﻪ ﻋﻠﻰ ﺟﻣﻳﻊ اﻻﺳﺋﻠﺔ. اﻟﻣﺷﺎرك اﻟﻣﻧﺎﺳب ﻟﻬذﻩ اﻟدراﺳﻪ اﻟﺑﺣﺛﻳﻪ ﺳﻳﻘﻳم ﻫذا اﻻﺳﺗﺑﻳﺎن اذا ﻛﻧت
ﺣث أو اﺳﺋﻝ اﻟﺑﺎ اذا ﻛﻧت ﻓﻲ ﺷك ﺣوﻝ اي ﻣن اﻻﺳﺋﻠﺔ ﺑﺎﺳﺗطﻌﺗك  اﻟﺗﺷﺎور ﻣﻊ اﻟطﺑﻳب اﻟﻌﺎم اﻟﺧﺎص ﺑك ،
أو ﻋن  ..…………………………ﺑﺎﻟﻬﺎﺗف اﻟﺟواﻝ  )SMS(ﺑﺎرﺳﺎﻝ رﺳﺎﻟﺔ ﻗﺻﻳرﻩ ﺗوﻓﻳق  اﻟﻣﺎﺿﻲ ﺑﺎﻻﺗﺻﺎﻝ او
  :طرﻳق اﻟﺑرﻳد اﻷﻟﻛﺗروﻧﻲ 
 
 
 
ﻟﻼﺟﺎﺑﺔ اﻟﺗﻲ ﺗﻧﺎﺳب وﺿﻌك  Xﺿﻊ ﻋﻼﻣﺔ 
 
 ﻻ ﻧﻌم
    ﻣﺎ؟ﻋﺎ 81اﻛﺛر ﻣن  ﻣوظف وﻋﻣرك اﻧت ذﻛرﻫﻝ 1 ‐
اﻟطوﻝ،ﻣﺣﻳط )ﻫﻝ اﻧت ﻋﻠﻰ اﺳﺗﻌداد ﺑﺎﻟﺳﻣﺎح ﺑﺎﺧذ ﻗﻳﺎﺳﺎت ﻻﺑﻌﺎد ﺟﺳﻣك2‐
 ؟(اﻟﺧﺻر،اﻟوزن
ﻫﻝ اﻧت ﻋﻠﻰ اﺳﺗﻌداد ﻻﻛﻣﺎﻝ اﺳﺗﺑﻳﺎن اﻟﺿﻐط اﻟﻧﻔﺳﻲ و اﺳﺗﺑﻳﺎن اﻟﻧﺷﺎطﺎت 3‐
 واﺳﺗﺑﻳﺎن اﻟﻧوم و اﻟﺑﻳﺎﻧﺎت اﻟدﻳﻣوﻏراﻓﻳﻪ  اﻟﺑدﻧﻳﺔ 
ﺗﺑرع ﺑﻌﻳﻧﺔ ﻣن دﻣك ﻫﻝ اﻧت ﻋﻠﻰ اﺳﺗﻌداد ﻟﺟﻣﻊ ﻋﻳﻧﺎت ﻣن ﻟﻌﺎﺑك واﻟ4‐
  واﻧت ﺻﺎﺋم؟(  ﻋﺷرة ﻣﻝ)
 
 
اﻧت ﻏﻳر ﻣﻧﺎﺳب  ﻟﻼﺷﺗراك  , ﻋﻠﻰ أي ﺳؤاﻝ أﻋﻼﻩ ، ﻳرﺟﻰ ﻋدم اﻟﻣﺿﻲ ﻗدﻣﺎ' ﻻ'اذا ﻛﻧت  اﺟﺑت ب   
  .ﺷﻛرا ﻟك.ﺑﻬذﻩ اﻟدراﺳﺔ
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ﻫﻝ  ﻟدﻳك اﺣد اﻻﻋراض اﻟﺗﺎﻟﻳﺔ5‐
 
 (ﻟﻼﺟﺎﺑﺔ اﻟﺗﻲ ﺗﻧﺎﺳب وﺿﻌك  Xﺿﻊ ﻋﻼﻣﺔ  )
  ﻻ  ﻧﻌم
    .اﻻﺳﺑوﻋﻳن اﻟﻣﺎﺿﻳﻳناﻟﺗﻬﺎب ﺣﺎد ﺧﻼﻝ  
 .أﻣراض اﻟﻛﺑد
  
 .ﻓﻳروﺳﻳﻪ ﻣزﻣﻧﻪاﻣراض 
  
.(ﺑﺎﺳﺗﺛﻧﺎء ارﺗﻔﺎع ﺿﻐط اﻟدم)أﻣراض اﻟﻘﻠب واﻻوﻋﻳﻪ اﻟدﻣوﻳﻪ اﻟﻣﻌروﻓﺔ 
  
 اﻟذﺋﺑــــــــــــــــﺔﻋﻠﻰ ﺳﺑﻳﻝ اﻟﻣﺛﺎﻝ ، )أو أﻣراض اﻟﻧﺳﻳﺞ اﻟﺿﺎم / اﻟﺗﻬﺎب اﻟﻣﻔﺎﺻﻝ و 
 .(اﻟﺣﻣﺎﻣﻳﻪ ، ﺗورﻣﺎت ﻓﻳﺟﻧر
  
.ﺗﺳﻣم واﻟﺗﻬﺎب اﻻوﻋﻳﻪ اﻟدﻣوﻳﻪاﻟ
  
 .أﻣراض اﻷورام
.أﺷﻬر اﻻﺧﻳرة 6ﺟرح ﻛﺑﻳر او ﻋﻣﻠﻳﺔ ﺟراﺣﻳﺔ ﻓﻲ  
 
 . أو  اﻟﻐدد اﻟﺻﻣﺎء/ اﻋراض  ﺗﺗﻌﻠق ﺑﺎﻻﻋﺻﺎب و 
 
 
اﻧت ﻏﻳر ﻣﻧﺎﺳب  ﻟﻼﺷﺗراك  , ﻋﻠﻰ أي ﺳؤاﻝ أﻋﻼﻩ ، ﻳرﺟﻰ ﻋدم اﻟﻣﺿﻲ ﻗدﻣﺎ “ﻧﻌـــــــم ”اذا ﻛﻧت  اﺟﺑت ب
  .ﻟك ﺷﻛرا.ﺑﻬذﻩ اﻟدراﺳﺔ
 
 
 
 ﻫﻝ ﺗﺗﻧﺎو ﻝ  واﺣدا او اﻛﺛر ﻣن اﻻدوﻳﺔ اﻟﺗﺎﻟﻳﺔ؟ 6‐
 ﻟﻼﺟﺎﺑﺔ اﻟﺗﻲ ﺗﻧﺎﺳب وﺿﻌك  Xﺿﻊ ﻋﻼﻣﺔ 
  ﻻ  ﻧﻌم
( ﺳﺗﺎﺗﻳﻧز)ﻛو اﻧزﻳم ردﻛﺗﺎز  - ﻣﻳﺛﻠﺟﺎواﺗﻝ- 3- اﺳﺗﺧدام ﻋﻘﺎر  ﻣﺛﺑط اﻟﻬﻳدروﻛﺳﻰ    او اﻻﺳﺑرﻳن
 ﻋﻼج ﻟﻣﻌﺎﻟﺟﺔ ارﺗﻔﺎع اﻟﻛﻠوﺳﺗروﻝ
    
    ادوﻳﻪ ﺧﻔض اﻟﻛوﻟﺳﺗروﻝ
"اﻟﺳﺗﻳروﻳد" او اﻟﻛورﺗﻳزون او اﻟﺑرﻳدﻧﻳزوﻟون ﻣن اﻟﻬﻳدروﻛورﺗﻳزوناي ﻧوع 
  
    
      ﻣﺿﺎدات اﻻﻛﺗﺋﺎب او اﻟﻣؤﺛرات اﻟﻌﻘﻠﻳﻪ
 
 
 
اﻧت ﻏﻳر ﻣﻧﺎﺳب  ﻟﻼﺷﺗراك  , ﻋﻠﻰ أي ﺳؤاﻝ أﻋﻼﻩ ، ﻳرﺟﻰ ﻋدم اﻟﻣﺿﻲ ﻗدﻣﺎ “ﻧﻌـــــــم ”اذا ﻛﻧت  اﺟﺑت ب
 ﺷﻛرا ﻟك.ﺑﻬذﻩ اﻟدراﺳﺔ
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ﻳك واﺣد اوﻫﻝ ﻗﺎﻝ طﺑﻳﺑك ﻓﻲ اي وﻗت ﻣﺿﻰ ان ﻟد 7‐
 اﻟﺗﺎﻟﻳﺔ؟  اﻛﺛر ﻣن اﻟظروف اﻟﺻﺣﻳﺔ
 
  ﻟﻼﺟﺎﺑﺔ اﻟﺗﻲ ﺗﻧﺎﺳب وﺿﻌك  Xﺿﻊ ﻋﻼﻣﺔ 
ﻟــــــــــــــــــــــم ﻳــــــــــــــــــــــﺗم  
أﺑداﺗﺷﺧﻳﺻـــــــــــــﻲ  
ﺑﻬــــــــــــــــــــــذااﻟظرف 
  اﻟﺻﺣﻲ
ﺗــــــــــــــــــــــــــــــــــــــــم 
ﺗﺷﺧﻳﺻـــــــﻲ  
ﺑﻬــذااﻟظرف 
اﻟﺻـــــــــــــــﺣﻲ 
ﻣﻧــــــــذ اﻗــــــــﻝ 
  ﻣن ﺳﻧﺔ
ﺗ ــــــــــم ﺗﺷﺧﻳﺻــــــــــﻲ  
ﺑﻬــــــــــــــــــــــــــــذااﻟظرف 
اﻟﺻـــــــــــﺣﻲ ﻣﻧـــــــــــذ 
  اﻛﺛر ﻣن ﺳﻧﺔ
  ارﺗﻔﺎع ﺿﻐط اﻟدم
 
 ﻳنداء اﻟﺳﻛري ﻏﻳر  اﻟﻣﻌﺗﻣد ﻋﻠﻰ اﻻﻧﺳوﻟ
  (اﻟﻧوع اﻟﺛﺎﻧﻲ)
 
 داء اﻟﺳﻛري   اﻟﻣﻌﺗﻣد ﻋﻠﻰ اﻻﻧﺳوﻟﻳن  
  ( اﻟﻧوع اﻻوﻝ)
      
  
 
 ﻣدﺧن ﺑﺎﻟوﻗت اﻟﺣﺎﻟﻲ    ﺗﺻﻔك ؟   اي ﻣن ﻫذﻩ اﻟﻌﺑﺎرات8‐
  
ﻣدﺧن  ﺳﺎﺑﻘﺎ            
            
ﻟم 
ادﺧن 
  اﺑدا
  
        
 
    
 
  .……………ﻳوﻣﻳﺎ(ﻧت ﺗدﺧناو ﻛ)او ﻛم  ﻏﻠﻳون او ارﺟﻳﻠﺔ ﺗدﺧن     ﻛم ﻋدد اﻟﺳﺟﺎﺋر او اﻟﺳﻳﺟﺎر
 
 ارﺟﻳﻠﺔ  او  او  ﻏﻠﻳون   او اﻟﺳﻳﺟﺎر اﻟﺳﺟﺎﺋر( ﺧدﻣﻪﺗﻧوع اﻟذي ﺗﺳاﻟﺿﻊ داﺋرة ﺣوﻝ  )
 
 ..………………………………………………………ﻣﻧذ  ﻣﺗﻰ ﺑدأت اﻟﺗدﺧﻳن؟
  ………………………………………………اذا ﻛﻧت ﻣدﺧن ﺳﺎﺑق ﻣﻧذ ﻣﺗﻰ  ﺗوﻗﻔت ﻋن اﻟﺗدﺧﻳن؟
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  ﻻ  ﻧﻌم
    ﻟﻛﺣوﻝ؟ﻫﻝ ﺗﺷرب ا  9‐
 .………………………ﻓﻲ اﻻﺳﺑوع اﻟﻌﺎدي ﺗﺣﺗﺳﻲﻣن اﻟﻛﺣوﻝ   ﻋﺎدﻳﺎ ﻛم ﻣﺷروﺑﺎ. اذا ﻛﺎن اﻟﺟواب ﻧﻌم
 
 
او  ﻛـﺎس   ﻣﺎﺋـدة  ﻣـن اﻟﻧﺑﻳـذ  ﺑﺣﺟـم  ﻣـﻝ033ﻋﺎدي ﺗﻌـﺎدﻝ ﻋﻠﺑـﺔ واﺣـدة ﺑﻳـرة  ﺑﺣﺟـم ﻣﻼﺣظﺔ واﺣد ﻣﺷروب 
  ﻣﻝ03ﻣﻝ او ﻗدح ﻣن  اﻟوﻳﺳﻛﻲ  ﺑﺣﺟم 001
 
 
 ي تأخذھا بانتظام والجرعاتالادوية الت تكتب جميعيرجى ان 01‐
 
 
 اﻟﺟرﻋﺎت
 
 
 اﺳم اﻟدواء
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Demographic –Questionnaire 
Code Number: 
 
To the Participant:   We would appreciate you completing the following 
voluntary information below and returning it with the other questionnaires.   
The first page of this questionnaire will be permanently separated from the rest 
of the questionnaire.  The personal information gathered in this manner will be 
only used for scientific research purpose. No personal information will be 
disclosed. Your name will be concealed and only a code number will be used.  
 
Surname:  (Please Print) First name:  (Please Print) 
Middle name(s):  (Please print): Date of birth (dd/mm/yy):                      
Country of birth:  Age:
 
Mailing Address 
 
State                                            Postcode             
Phone Home : (   )  Work :   (    )        Mobile: 
Email: 
 
Your  General Practitioner
Name : 
Address: 
 
State:                                            Postcode :                          Phone: 
 
Do you wish to have the results of your 
blood, saliva and blood pressure tests sent 
to you even if they are normal? 
Yes      No   
 
What is your ethnicity:  Tick only one
 
 
 
Anglo‐
Saxon 
 
South‐
East 
Asian 
 
Indian 
sub‐
continent
 
South 
American 
 
Middle 
east or 
North 
Africa. 
 
Aboriginal 
or Torres 
Strait 
Islander 
 
Other 
(specify the 
origin 
country 
…………….)
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How do you classify your job?                   
Office worker 
  
 
Labor worker 
Are you working  
   Full time       Part Time    casual   
Are you working?                               
Day time      Night time 
  
                  Shift (day and 
night) 
Are you working for 
   Public sector       Private sector            Sole  trader  
other 
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 eriannoitseuQ– cihpargomeD                        الاستبيان الديموغرافي
  الرقم الرمز
 
. اننا نقدر لك تطوعك باكمال المعلومات الواردة ادناه واعادتھا مع غيرھا من الاستبيانات : الى المشارك 
 .الصفحه الاولى من ھذا الاستبيان  سيتم فصلھا بشكل كلي و دائم عن بقية الاستبيان
 معلومات لا.المعلومات الشخصيه التي تجمع بھذه الطريقة سوف تستخدم فقط لاغراض البحث العلمي
    اسمك سيتم اخفاءه   سنستخدم فقط    الرقم الرمز. شخصية سيتم الكشف عنھا
          
 :إسم الشخص :الأسرة إسم
 : إسم الأب وإسم الجد 
 :الميلاد تاريخ  
 ┘─┴─┴─┴─└  ┘─┴─└ ┘─┴─└
  السنة             الشھر         اليوم     
 :العمر  :مكان الولادة 
 
 ان البريديالعنو
 الرمز  ا لبريدي                                المدينة
(                 ) ھاتف العمل  )              (ھاتف البيت  
     
)                    (رقم الجوال 
 :liamE                                                                                                        
ھل ترغب في الحصول على نتائج اختبارات  الدم ، وضغط الدم واللعاب  الخاصة بك ان ترسل اليك 
  حتى لو كانت طبيعية؟
  نعم       لا    
 
   معلومات عن طبيبك العام
 :اسمه  
 :عنوانه
  
  ما ھو اصلك؟
 اردني      
 (   حدد بلد الاصل)اخرى                  ( اكتب اسم بلدك الاصل)عربي      
  .........................
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 جيدا ًخلال الأشھر الاثني عشر الأخيرة؟   الأساسي صف عملكي أي من الفئات الأتية
 موظف حكومي 
 قطاع خاص موظف 
 العملصاحب  
 
 بدون اجر 
 .…………………( اكتبھا)من فئة اخرى 
  
 ھل تعمل
 بدوامالعمل    بدوام  جزئي                                                             بدوام كامل   
 رضيع
 
 ھل  تعمل  
 
 عامل يدوي                               مكتѧѧѧѧѧѧѧѧѧѧبي عمل 
 
 
  
 ھل  تعمل
 
       في ساعات النھار فقط 
 
 في ساعات الليل فقط    (                     الليل  والنھار) لوردياتبنظام ا     
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APPENDIX C 
VALIDATED QUESTIONNAIRES  
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ENGLISH VERSION OF PERCEIVED STRESS SCALE (PSS) 
 
The questions  in  this  scale  ask  you about  your  feelings  and  thoughts during  the  last 
month.  In  each  case,  you will  be  asked  to  indicate  how  often  you  felt  or  thought  a 
certain way. Although some of the questions are similar, there are differences between 
them and you should  treat each one as a separate question. The best approach  is  to 
answer each question fairly quickly. That is, don’t try to count up the number of times 
you  felt  a  particular  way,  but  rather  indicate  the  alternative  that  seems  like  a 
reasonable estimate.    
                                                                                     
0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often 
 
  Questions  0  1  2  3 4
1  In the last month, how often have you been upset because of 
something that happened unexpectedly?
         
2  In the last month, how often have you felt that you were 
unable to control the important things in your life?
         
3  In the last month, how often have you felt nervous and 
“stressed”? 
         
4  In the last month, how often have you dealt successfully with 
day to day problems and annoyances?
         
5  In the last month, how often have you felt that you were 
effectively coping with important changes that were 
occurring in your life?
         
6  In the last month, how often have you felt confident about 
your ability to handle your personal problems?
         
7  In the last month, how often you felt that things were going 
your way? 
         
8  In the last month, how often have you found that you could 
not cope with all the things that you had to do?
         
9  In the last month, how often have you been able to control 
irritations in your life?
         
10  In the last month how often have you felt that you were on 
the top of things? 
         
11  In the last month, how often have you been angered because 
of things that happened that were outside of your control?
         
12  In the last month, how often have you been thinking about 
things that you have to accomplish?
         
13  In the last month, how often have you been able to control 
the way you spend your time?
         
14  In the last month, how often have you felt difficulties were 
pilling up so high that you could not overcome them?
         
 
Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A global measure of perceived stress. 
Journal of Health and Social Behaviour, 24, 385‐396. Reprinted with permission of The 
American Sociological Association 
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  النفسѧѧѧѧѧѧѧѧѧѧѧي     مقياس الشعور بالإرھاق )SSP( ELACS SSERTS DEVIECREP FO NOISREV CIBARA
 
في كل سؤال أن تبين كم مرة أحسست أو  ويطلب منك. الماضي الأسئلة في ھذا الاستبيان تتعلق بأحاسيسك وأفكارك خلال الشھر
وإن كانت بعض الأسئلة متشابھة، غير أن ھناك اختلافات بينھا، لذلك المرجو منك  أن تتعامل مع كل سؤال . فكرت بطريقة معينة
المرات والطريقة المثلى ھي أن تجيب على كل سؤال بسرعة، أي أن لا تحاول أن تحسب بالضبط عدد . على أساس أنه سؤال مستقل
 اجابة واحدة  للإجابة على كل سؤال من الأسئلة التالية، اختر. التي أحسست بشيء معين، بل أن تجيب على السؤال بتقدير معقول
  
 أبدا  لم يحدث  
تقريبا لم 
يحدث 
 أبدا
الأحيان ولكن الى في كثير من   احيانѧѧѧѧѧѧا
 حد ما
كثيرا 
  جدا
خلال الشھر الماضي كم مرة1
  متوقع؟ حدوث شيء غير أزعجك
  
         
شعرترة عادةمكمالماضيخلال الشھر   2
التحكم في الأمور   لا تسѧѧѧѧѧѧѧѧѧѧѧѧتطيعبأنك 
  المھمة في حياتك؟
  
         
كم مرة عادةخلال الشھر   الماضي3
       ؟  بالعصبية والإجھاد (بالتوتر )أحسست
                                                  
         
تعاملتكم مرة عادةالماضي   خلال الشھر4
  بنجاح مع أمور الحياة المزعجة أو المقلقة؟ 
 
         
أحسستكم مرة عادةخلال الشھر   الماضي5
أنك نجحت بمواجھة التغييرات المھمة التي 
  حدثت في حياتك؟
 
          
أحسستكم مرة عادةخلال الشھر   الماضي   6
شاكلك بأنك واثق من قدرتك على معالجة م
  الشخصية؟
 
          
أحسستكم مرة عادةالماضي خلال الشھر    7
  أن الأمور كانت تسير لصالحك؟
  
          
أحسستكم مرة عادةخلال الشھر   الماضي   8
أنك لا تستطيع القيام بكل الأشياء التي كان 
  عليك أن تقوم بھا؟
 
          
استطعتكم مرة عادةخلال الشھر   الماضي   9
في ( المثيرة)يطرة على الأمور المزعجةالس
  حياتك؟
 
          
 01
  
أحسستكم مرة عادةخلال الشھر   الماضي
  أنك مسيطر على الأمور؟
 
          
غضبتكم مرة عادةخلال الشھر   الماضي 11
  بسبب وقوع أشياء خارجة عن إرادتك؟
  
          
فكرتكم مرة عادةخلال الشھر   الماضي 21
 ؟ إنجازھالتي  عليك في الأمور ا
          
تمكنتكم مرة عادةخلال الشھر   الماضي 31
  من التحكم في طريقة قضاء وقتك؟
 
          
أحسستكم مرة عادةخلال الشھر   الماضي 41
أن المصاعب كانت تتراكم إلى درجة لا 
 تستطيع التغلب عليھا ؟
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English Version Effort –Reward Imbalance Questionnaire 
 
The following items refer to your present occupation. For each of the following statements, 
please indicate to what degree it reflects your situation. Thank you for answering all 
statements! 
Effort Items (1‐6)  Disagree  Agree 
I am not 
at all 
distressed
Agree 
I am 
somewhat 
distressed 
Agree 
I am 
distressed 
Agree 
I am very 
distressed 
 
1  I have 
constant time 
pressure due 
to a heavy 
work load. 
           
2  I have many 
interruptions 
and 
disturbances 
in my job 
           
3  I have a lot of 
responsibility 
in my job. 
           
4  I am often 
pressured to 
work 
overtime. 
           
5   My job is 
physically 
demanding. 
           
6  Over the past 
few years, my 
job has 
become more 
and more 
demanding. 
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Reward Items  
(7‐17) 
Agree  Disagree 
I am not 
at all 
distressed
Disagree 
I am 
somewhat 
distressed 
Disagree 
I am 
distressed 
Disagree 
I am very 
distressed 
Not 
applicable 
(no 
superiors 
or no 
colleagues) 
7  I receive the 
respect I 
deserve from 
my superiors. 
           
8  I receive the 
respect I 
deserve from 
my 
colleagues. 
           
9  I experience 
adequate 
support in 
difficult 
situations. 
 
           
  Disagree  Agree, 
but I am 
not at all 
distressed
Agree, 
and I am 
somewhat 
distressed 
Agree, 
and I am 
distressed 
Agree, 
and I am 
very 
distressed 
 
10  I am treated 
unfairly at 
work. 
           
11  My job 
promotion 
prospects are 
poor. 
           
12  I have 
experienced 
or I expect to 
experience an 
undesirable 
change in my 
work 
situation. 
           
13  My job 
security is 
poor. 
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  Agree  Disagree, 
but I am 
not at all 
distressed
Disagree, 
and I am 
somewhat 
distressed 
Disagree, 
and I am 
distressed 
Disagree, 
and I am 
very 
distressed 
 
14  My current 
occupational 
position 
adequately 
reflects my 
education and 
training. 
           
15  Considering 
all my efforts 
and 
achievements, 
I receive the 
respect and 
prestige I 
deserve at 
work. 
           
16  Considering 
all my efforts 
and 
achievements, 
my job 
prospects are 
adequate. 
           
17  Considering 
all my efforts 
and 
achievements, 
my 
salary/income 
is adequate. 
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(R); reverse scoring 
Source : Siegrist, J., Starke, D., Chandola, T., Godin, I., Marmot, M., Niedhammer, I., Peter, 
R. , 2004. The measurement of Effort‐Reward imbalance at work: European 
comparisons. Social Science and Medicine, 58, 1483‐1499.  
 
 
 
 
 
 
 
Over commitment  Strongly 
Disagree 
 
Disagree  Agree  Strongly 
Agree 
 
   
18  I get easily 
overwhelmed 
by time 
pressures at 
work.  
           
19  As soon as I 
get up in the 
morning I 
start thinking 
about work 
problems. 
           
20  When I get 
home, I can 
easily relax 
and ‘switch 
off’ work. (R) 
           
21  People close 
to me say I 
sacrifice too 
much for my 
job. 
           
22  Work rarely 
lets me go; it 
is still on my 
mind when I 
go to bed. 
           
23  If I postpone 
something 
that I was 
supposed to 
do today I’ll 
have trouble 
sleeping at 
night. 
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 .eriannoitseuq ecnalabmI draweR– troffE noisrev cibarA
  لمكافأة و ا  النسخة العربية من استبيان عدم التوازن بين الجھد
 
 كل تصريح من التصريحات( يعكس)  المرجو منك أن تحدد إلى أي مدى يناسب. الأسئلة التالية تتعلق بوظيفتك الحالية
 .في المربع الذي  يناسب اجابتك وشكرا  ( ×) ع اشارةبوض المرجو منك أن تجيب على كل التصريحات. التالية وضعيتك المھنية
 
  
 
متفق، وأنا 
 متضايق جدا
 
متفق، 
وأنا 
 متضايق
 
متفق، 
وأنا 
متضايق 
 إلى حد ما
 
متفق، 
ولكني 
لست 
 متضايقا
 
 غير 
 الجھد    متفق
          )6‐1( smeti troffE                                             
1 ئما أحس بضغط الوقت بسبب كثرة العملدا  □  □  □  □  □
2 كثيرا ما اقاطع او ازعج بينما أزاول عملي  □  □  □  □  □
3 مسؤولياتي كثيرة في العمل  □  □  □  □  □
في أحيان كثيرة أجد نفسي مجبرا على العمل ساعات   □  □  □  □  □
إضافية
4
 5 .وظيفتي تتطلب جھدا جسديا كبيرا  □  □  □  □  □
لسنوات الماضيةأصبحت وظيفتي تتطلب أكثر خلال ا  □  □  □  □  □
6 فأكثر
         
لا ينطبق ھذا 
ليس )علي 
لدي رؤساء 
عمل او 
 (زملاء عمل
غير 
متفق، 
وأنا 
متضايق 
 جدا
غير 
متفق، 
وأنا 
 متضايق
غير متفق، 
وأنا 
متضايق 
 إلى حد ما
غير 
متفق، 
ولكني 
لست 
 متضايقا
 متفق
       المكافأة
 
 )71‐7( smeti draweR        
  
رؤسائي في العمل يبدون تجاھي الاحترام   □  □  □  □  □  □
 الذي أستحق    
 7
زملائي في العمل يبدون تجاھي الاحترام   □  □  □  □  □  □
 الذي أستحقه
 8
أتلقى الدعم المناسب في الظروف   □  □  □  □  □  
 .الصعبة
 
 9
             
متفق، 
وأنا 
متضايق 
 جدا
متفق، وأنا 
 متضايق
متفق، وأنا 
يق متضا
 إلى حد ما
متفق، ولكني 
 لست متضايقا
غير 
 متفق
  
  
  
  
01  .تتم معاملتي بشكل غير عادل في العمل  □  □  □  □  □
11  فرصتي في العمل محدودة في مجال الترقي  □  □  □  □  □
تعرضت أو أتوقع أن أتعرض لتغيير غير مرغوب   □  □  □  □  □
 .فيه في وضعيتي في العمل
21
اي ان ضمانات استمرار .)يفي ضعيفالامان الوظ  □  □  □  □  □
 ( وظيفتك كبير واحتمال ان تفقد.الوظيفة ضعيفة
 
31
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غير 
متفق، 
وأنا 
 متضايق
 جدا
غير متفق، 
 وأنا متضايق
غير متفق، 
وأنا 
متضايق 
 إلى حد ما
غير متفق، 
ولكني لست 
 متضايقا
 متفق
  
  
دراسية و وظيفتي الحالية تتوافق مع مؤھلاتي ال  □  □  □  □  □
 .التدريبية
41
بالنظر إلى كل مجھوداتي ومنجزاتي، أتلقى   □  □  □  □  □
 .الاحترام والتقدير اللذين أستحقھما في العمل
51
بالنظر إلى كل مجھوداتي ومنجزاتي، فإن فرص   □  □  □  □  □
 .الترقية بالنسبة لي مناسبة
61
بالنظر إلى كل مجھوداتي ومنجزاتي، فإن   □  □  □  □  □
 .دخلي مناسب/راتبي
  
71
            
  
 
 
 
متفق 
 غير متفق  متفق  تماما
غير 
 متفق
 بتاتا
   الافراط بالالتزام
   tnemtimmoc revO
أي أحس كثيرا بأني غير .)يغلبني بسھولة ضغط الوقت في العمل  □  □  □  □
 (قادر على القيام بكمية العمل المطلوبة في الوقت المحدد
 81
 91   استيقظ من النوم صباحا أبدأ التفكير في مشاكل العمل بمجرد ان  □  □  □  □
عندما أصل إلى البيت أستطيع الاسترخاء و بسھولة أتوقف عن   □  □  □  □
 التفكير بالعمل
 02 
الناس المقربون مني يقولون إنني أضحي بأكثر من اللازم في سبيل   □  □  □  □
 وظيفتي
 12
 22  وقات وحتى عند النوميظل فكري مشغولا بالعمل معظم الا  □  □  □  □
إذا أجلت عمل شيء كان من المفروض أن أعمله اليوم سيصعب   □  □  □  □
 علي النوم
 32
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ENGLISH VERSION PITTSBURGH SLEEP QUALITY INDEX (PSQI) 
 
 
 
Code Number: _________________ Date: __________________ 
 
Instructions  
 
The following relate to your usual sleep habits during the past month only. Your 
answers should indicate the most accurate reply for the majority of days and 
nights in the past month. Please answer all questions: 
 
1. During the past month, when have you usually gone to bed at night? 
USUAL BED TIME_________________________ 
 
2. During the past month, how long (in minutes) has it usually taken you to fall asleep each 
night? 
NUMBER OF MINUTES_____________________ 
 
3. During the past month, when have you usually gotten up in the morning? 
USUAL GETTING UP TIME__________________ 
 
4. During the past month, how many hours of actual sleep did you get at night? (This may 
be different than the number of hours you spend in bed.) 
HOURS OF SLEEP PER NIGHT________________ 
 
5‐For each of the following questions, tick the one best response. Please answer 
all questions.  
During the past month, how often have you had trouble sleeping because 
you ….. 
 a‐Cannot get to sleep within 30 minutes  
 
Not during the             Less than                  Once or                        3 or more  
past month            once a week          twice a week            times a week  
b. Wake up in the middle of the night or early morning  
 
Not during the             Less than                 Once or                             3 or more  
past month                 once a week          twice a week                times a week  
 
c. Have to get up to use the bathroom  
 
Not during the             Less than                        Once or                          3 or more  
past month             once a week                  twice a week                        times a week  
 
 
                     
-223- 
 d. Cannot breathe comfortably 
 
Not during the             Less than                        Once or                             3 or more  
past month             once a week                    twice a week                           times a week  
 
e. Cough or snore loudly  
 
Not during the             Less than                        Once or                             3 or more  
past month           once a week                          twice a week                times a week  
 
F‐Feel too cold  
 
Not during the             Less than                Once or                             3 or more  
past month              once a week        twice a week                 times a week 
  
g. Feel too hot  
 
Not during the             Less than                 Once or                             3 or more  
past month              once a week         twice a week                  times a week  
 
h. Had bad dreams 
 
Not during the             Less than                 Once or                             3 or more  
past month              once a week        twice a week                  times a week  
 
h. Have pain 
 
Not during the             Less than                 Once or                             3 or more  
past month              once a week          twice a week                times a week  
 
j. Other reason (please describe): ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
 
How often during the past month have you had trouble sleeping because of this? 
 
Not during the            Less than                  Once or                             3 or more  
Past month                 once a week        twice a week                              times a week  
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6‐During the past month, how would you rate sleep quality overall? 
 
Very good               fairly good                   fairly bad                  Very bad 
 
 
7‐During the past month, how often have you taken medicine (prescribed or over the 
counter) to help you sleep? 
 
Not during the             Less than                  Once or                             3 or more  
past month             once a week             twice a week                 times a week  
 
 
 
 
8‐During the past month, how often have you had trouble staying awake while driving, 
eating meals or engaging in social activities?  
 
Not during the             Less than                    Once or                             3 or more  
past month            once a week              twice a week                 times a week  
 
9‐During the past month, how much of a problem has it been for you to keep up 
enthusiasm to get things done? 
 
Not during the             Less than                  Once or                             3 or more  
past month     once a week         twice a week                        times a week  
 
 
 
Reference: 
Buysse, D. J., Reynolds, C. F. 3rd., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and 
research. Psychiatry Research, 28(2), 193‐213. doi: 0165‐1781(89)90047‐4 [pii] 
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 ﻧوﻋﻳﺔ اﻟﻧومﻟ ﻣؤﺷر ﺑﺗرﺳﺑورج 
 
 
ﻟﻬذا ﻧرﺟو ﻣﻧك أن ﺗﺣدد اﻟﺟواب . ﻓﻘط اﻟﺷﻬراﻟﻣﺎﺿﻲ ﻓﻳﻣﺎ ﻳﻠﻲ أﺳﺋﻠﺔ ﺗﺗﻌﻠق ﺑﻧوﻣك اﻻﻋﺗﻳﺎدي ﺧﻼﻝ: اﻟﺗﻌﻠﻳﻣﺎت
 :أن ﺗﺟﻳب ﻋﻠﻰ ﻛﻝ اﻷﺳﺋﻠﺔ  اﻟرﺟﺎء  اﻟﺷﻬر اﻟﻣﺎﺿﻲﻝ ﺧﻼ اﻷﻳﺎم واﻟﻠﻳﺎﻟﻲاﻷﻛﺛر ﻣﻧﺎﺳﺑﺔ ﻷﻏﻠﺑﻳﺔ 
 
: وﻗت اﻟﻧوم اﻻﻋﺗﻳﺎدي       ؟ﻋﻧداﻟﻠﻳﻝﺗذﻫب ﻟﻠﻧوم  ﻛﻧت ﻋﺎدة ًﻓﻲ أي وﻗت . اﻟﻣﺎﺿﻲ اﻟﺷﻬرﺧﻼﻝ  .1
 ــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 
ﻋدد ﻛﻝ ﻟﻳﻠﺔ؟     ﺗﻐﻔو ﻧﺎﺋﻣﺎ ﻛﻧت ﺗﺣﺗﺎج ﻋﺎدًة ﻟﻛﻲ (ﻋدد اﻟدﻗﺎﺋق)ﻛم ﻣن اﻟوﻗت  اﻟﻣﺎﺿﻲ اﻟﺷﻬرﺧﻼﻝ  .2
 ــــــــــــــــــــــــــــــــــــ: اﻟدﻗﺎﺋق
 
: ﺳﺎﻋﺔ اﻟﻧﻬوض         ؟(ﻓﻲ اﻟﺻﺑﺎح )ﻓﻲ أي وﻗت ﻛﻧت ﺗﻧﻬض ﻣن اﻟﻧوم اﻟﻣﺎﺿﻲ اﻟﺷﻬرﺧﻼﻝ  .3
 ــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 
ﻋن  اﻟﻧوم ﺳﺎﻋﺎت رﺑﻣﺎ ﻳﺧﺗﻠف ﻋدد :ﻣﻼﺣظﺔ)ﻓﻲ ﻛﻝ ﻟﻳﻠﺔ  ﻓﻌﻼﻛم ﺳﺎﻋﺔ ﻧﻣت  اﻟﻣﺎﺿﻲ اﻟﺷﻬرﺧﻼﻝ  .4
    ــــــــــــــــــــــــــــــــــــــــــــــــــــــ  ﻋدد ﺳﺎﻋﺎت اﻟﻧوم ﻓﻲ ﻛﻝ ﻟﻳﻠﺔ ؟(.ﻋدد اﻟﺳﺎﻋﺎت اﻟﺗﻲ ﺗﻘﺿﻳﻬﺎ ﻓﻲ اﻟﻔراش
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اﻟرﺟﺎء أن   ﻟﺣﺎﻟﺗك  اﻷﻛﺛر ﻣﻧﺎﺳﺑﺔاﻻﺟﺎﺑﺔ  ﻓﻲ ﻣرﺑﻊ (X)ن اﻷﺳﺋﻠﺔ اﻟﺗﺎﻟﻳﺔ ﺑوﺿﻊ ﻋﻼﻣﺔ أﺟب ﻋﻠﻰ ﻛﻝ ﺳؤاﻝ ﻣ .5
 .اﻷﺳﺋﻠﺔ ﺟﻣﻳﻊ ﻋﻠﻰ ﺗﺟﻳب
  :ﻛم ﻣرة وﺟدت ﺻﻌوﺑﺔ ﻓﻲ اﻟﻧوم ﻷﻧك  اﻟﺷﻬر اﻟﻣﺎﺿﻲﺧﻼﻝ             
  
ﻟم ﻳﺣدث ذﻟك ﻓﻲ 
ﺧﻼﻝ 
  اﻟﺷﻬراﻟﻣﺎﺿﻲ
أﻗﻝ ﻣن ﻣرة ﻓﻲ 
  اﻷﺳﺑوع
ﻣرة أو ﻣرﺗﻳن ﻓﻲ 
  اﻷﺳﺑوع
ت أو ﺛﻼث ﻣرا
  أﻛﺛر ﻓﻲ اﻷﺳﺑوع
ﻓﻲ ظرف   ﻟم ﺗﺳﺗطﻊ اﻟﻧوم   -أ 
 دﻗﻳﻘﺔ 03
         
اﺳﺗﻳﻘظت ﻓﻲ اﻟﻠﻳﻝ أو ﻓﻲ   -ب 
 اﻟﺻﺑﺎح اﻟﺑﺎﻛر
        
اﺿطررت ﻟﻠذﻫﺎب إﻟﻰ   - ج 
 (اﻟﺣﻣﺎم) اﻟﻣرﺣﺎض
        
ﻟم ﺗﻛن ﺗﺳﺗطﻳﻊ اﻟﺗﻧﻔس   -د 
 ﺑﺳﻬوﻟﺔ
        
ﻛﻧت ﺗﺳﻌﻝ أو ﺗﺷﺧر   -ه 
 ﺑﺷﻛﻝ ﻣﺳﻣوع
        
          ﺷﻌرت ﺑﺎﻟﺑرد اﻟﺷدﻳد  - و 
         ﺑﺎﻟﺣر اﻟﺷدﻳدﺷﻌرت   -ز 
         أﺣﻼﻣًﺎ ﻣزﻋﺟﺔرأﻳت   - ح 
          ﺷﻌرت ﺑﺎﻷﻟم  -ط 
اﻟرﺟﺎء )ﻟﺳﺑب آﺧر    -ي 
 ( ﺗﺣدﻳدﻩ
  
  ..............................................................................
،  اﻟﺷﻬر اﻟﻣﺎﺿﻲﺧﻼﻝ   - ك 
ﻛم ﻛﺎﻧت ﺗواﺟﻬك ﻣﺷﺎﻛُﻝ 
 )ب ﻓﻲ اﻟﻧوم ﻟﻬذا اﻟﺳﺑ
 ﻟذي ﺣددﺗﻪ ﻓﻲﻟﺳﺑب ا
  ؟(اﻟﺳؤاﻝ اﻟﺳﺎﺑق اﻟﺳؤاﻝ ي
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  ﻛﻳف ﺗﻘﻳم ﻧوﻋﻳﺔ  ﻧوﻣك ﺑﺻﻔﺔ ﻋﺎﻣﺔ؟.  اﻟﺷﻬر اﻟﻣﺎﺿﻲﺧﻼﻝ  .6
 
  ﺳﻲء ﺟدا     ﺳﻲء إﻟﻰ ﺣد ﻣﺎ          ﺟﻳد ﺟدا                    ﺟﻳد  إﻟﻰ ﺣد ﻣﺎ                        
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
  
ﻟم ﻳﺣدث ذﻟك 
ﻓﻲ ﺧﻼﻝ 
  اﻟﺷﻬراﻟﻣﺎﺿﻲ
 أﻗﻝ ﻣن ﻣرة ﻓﻲ
  اﻷﺳﺑوع
ﻣرة أو ﻣرﺗﻳن 
  ﻓﻲ اﻷﺳﺑوع
ﺛﻼث ﻣرات أو 
أﻛﺛر ﻓﻲ 
  اﻷﺳﺑوع
ﻛم ﻣرة   اﻟﺷﻬر اﻟﻣﺎﺿﻲﺧﻼﻝ  -7
دواء ﻟﻛﻲ ﻳﺳﺎﻋدك ﻋﻠﻰ اﻟﻧوم ﺗﻧﺎوﻟت 
 ؟( ﺳواء ﺑوﺻﻔﺔ طﺑﻳب أو ﺑدوﻧﻬﺎ)
         
ﻛم ﻣرة وﺟدت   اﻟﺷﻬراﻟﻣﺎﺿﻲﺧﻼﻝ  -8
اي ﻣﻐﺎﻟﺑﺔ  )اﻟﺑﻘﺎء ﻳﻘظﺎ ﺻﻌوﺑﺔ ﻓﻲ
  أو( ﻟﺳﻳﺎﻗﺔا)  ﺑﻳﻧﻣﺎ ﻛﻧت ﺗﻘود (اﻟﻧﻌﺎس
أو ﻓﻲ  ﺧﻼﻝ ﺗﻧﺎوﻟك وﺟﺑﺎت  اﻟطﻌﺎم
 ﻧﺷﺎط اﺟﺗﻣﺎﻋﻲ؟  ﻓﻲ ﺧﻼﻝ ﻣﺷﺎرﻛﺗك
        
ﻫﻝ وﺟدت   اﻟﺷﻬراﻟﻣﺎﺿﻲﺧﻼﻝ  - 9 
ﺻﻌوﺑﺔ ﻓﻲ اﻟﺣﻔﺎظ ﻋﻠﻰ اﻟﺣﻣﺎس 
 ؟واﻟﻧﺷﺎط ﻋﻧد اﻟﻘﻳﺎم ﺑﺄﺷﻐﺎﻝ ﻣﺎ
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
                                   
 
We are interested in finding out about the kinds of physical activities that people do as part 
of their everyday lives.  The questions will ask you about the time you spent being 
physically active in the last 7 days.  Please answer each question even if you do not 
consider yourself to be an active person.  Please think about the activities you do at work, 
as part of your house and yard work, to get from place to place, and in your spare time for 
recreation, exercise or sport. 
 
Think about all the vigorous activities that you did in the last 7 days.  Vigorous physical 
activities refer to activities that take hard physical effort and make you breathe much 
harder than normal.  Think only about those physical activities that you did for at least 10 
minutes at a time. 
 
1. During the last 7 days, on how many days did you do vigorous physical activities 
like heavy lifting, digging, aerobics, or fast bicycling?  
 
_____  days per week   
 
     No vigorous physical activities    Skip to question 3 
 
 
2. How much time did you usually spend doing vigorous physical activities on one of 
those days? 
 
_____  hours per day   
_____  minutes per day   
               Don’t know/Not sure  
Think about all the moderate activities that you did in the last 7 days.  Moderate 
activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal.  Think only about those physical activities that you did 
for at least 10 minutes at a time. 
 
3. During the last 7 days, on how many days did you do moderate physical activities 
like carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not 
include walking . 
 
_____  days per week 
 
     No moderate physical activities    Skip to question 5 
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4. How much time did you usually spend doing moderate physical activities on one of 
those days? 
 
_____  hours per day 
       _____  minutes per day 
Don’t know/Not sure  
Think about the time you spent walking in the last 7 days.  This includes at work and at 
home, walking to travel from place to place, and any other walking that you might do solely 
for recreation, sport, exercise, or leisure. 
 
5.  During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time?   
 
_____  days per week 
   
     No walking       Skip to question 7 
 
6.     How much time did you usually spend walking on one of those days? 
 
_____  hours per day 
_____  minutes per day   
              Don’t know/Not sure 
      
The last question is about the time you spent sitting on weekdays during the last 7 days.  
Include time spent at work, at home, while doing course work and during leisure time.  This 
may include time spent sitting at a desk, visiting friends, reading, or sitting or lying down to 
watch television. 
 
7‐During the last 7 days, how much time did you spend sitting on a week day? 
 
_____  hours per day   
_____  minutes per day 
 
    Don’t know/Not sure  
 
Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., & 
Oja, P. (2002).International Physical Activity Questionnaires (IPAQ) .Retrieved from 
http://www.ipaq.ki.se/questionnaires/IPAQ_S7S_FINAL_MAY_01.pd 
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 )QAPI(الاستبيان العالمي للنشاطات البدنية 
 )QAPI( eriannoitseuQ ytivitcA lacisyhP lanoitanretnI
 
ھذه الأسئلة سوف . بالتعرف على أنواع النشاطات البدنية التي يمارسھا الناس كجزء من حياتھم اليومية نحن مھتمون
الرجاء الإجابة على . الأيام السبعة الماضية عن الوقت الذي قضيته في ممارسة نشاطاٍت بدنية  ًبشكل فاعل خلالتفھم تس
الرجاء التفكير حول النشاطات التي تقوم بھا خلال العمل، و ما  .ًكل سؤال حتى لو لم تعتبر نفسك شخصا ًغير نشيط بدنيا
حديقة المنزل، و الانتقال من مكان إلى آخر و كذلك وقت الفراغ المخصص  فيتقوم به كجزء من أعمالك المنزلية أو 
  .للتسلية أو التمارين أو الرياضة
المقصود . الأيام السبعة الماضيةوالتي قمت بھا خلال  ةبدنيا ًمرتفع الشدفكر بجميع الأنشطة البدنية التي تتطلب جھدا ً
بالأنشطة البدنية عالية الشدة ھو كل ما يشير إلى النشاطات التي تتطلب جھدا ًبدنيا ًصعبا ًوتجعلك تتنفس بصعوبة أكثر من 
 . فكر فقط بالنشاطات التي قمت بھا لفترة لا تقل عن عشر دقائق في كل مرة. الوضع الطبيعي
  
مثل رفع الأشياء الثقيلة أوالَحفر أو الرياضة  بدنية عالية الشدةنشاطات  الماضية مارست فيھاالأيام السبعة يوما ًمن كم .1
  الھوائية أو قيادة الدراجة الھوائية بسرعة؟
  ------------  عدد الأيام خلال الأسبوع
  .3رقم انتقل إلى السؤال ←       بدنية عالية الشدة إذا لم تقم بأية أنشطة
  
  كم كنت تقضي من الوقت في ممارسة النشاطات البدنية عالية الشدة في كل يوم من الأيام التي ذكرتھا؟.2
  لست متأكدا/لا  أدري         دقائق في اليوم --------- ساعات في اليوم        --------     
 
تعني تلك  المعتدلةالنشاطات . ة الماضيةالأيام السبعالتي قمت بھا خلال  الشدة المعتدلةفكر بالنشاطات   
فكر . النشاطات التي تتطلب جھدا ًبدنيا ًمعتدلا ًوالذي يجعلك تتنفس بشكل أصعب قليلا ًمن الوضع الطبيعي
  . فقط بالنشاطات التي قمت بھا لفترة لا تقل عن عشر دقائق في كل مرة
  
مثل رفع أثقال خفيفة، أو قيادة الدراجة الھوائية  معتدلةبدنية  قمت خلالھا بنشاطات الأيام السبعة الماضيةكم يوما ًمن .3
 .بسرعة معتادة أو رياضة التنس الثنائية؟ لا يشمل ذلك المشي
                  
  ------------ عدد الأيام خلال الأسبوع        
  
   .5انتقل إلى السؤال رقم ←  إذا لم تقم بأية بفعاليات معتدلة        
 
 كنت تقضي من الوقت في ممارسة النشاطات البدنية المعتدلة في كل يوم من الأيام التي ذكرتھا؟كم .4
  لست متأكدا/دقائق في اليوم            لا أدري --------- ساعات في اليوم          --------      
  
 ضمن التمشي فيوھذا يت. السبعة أيام الماضيةخلال  المشيفكر في الوقت الذي قضيته في ممارسة   
العمل وفي البيت، والمشي عند الانتقال من مكان إلى آخر، وأي نوع من المشي قمت به لمجرد التسلية أو 
 .الرياضة أو قضاء وقت الفراغ
 
  
  
 
  دقائق في كل مرة؟ 01خلال السبعة أيام الماضية، كم يوما ًتمشيت لفترة لا تقل عن .5     
   ------------ عدد الأيام خلال الأسبوع
 
   .7انتقل إلى السؤال رقم ←  إذا لم تقم بأي نوع من المشي       
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 كم من الوقت عادة ًكنت تقضي في التمشي في كل يوم من الأيام التي ذكرتھا؟.6
  
 لست متأكدا/دقائق في اليوم            لا أدري --------- ساعات في اليوم          --------      
  
 
. للأيام السبعة الماضية  ( نھارات ايام الاسبوع )ول الوقت الذي قضيته جالسا ًخلال أيام الأسبوعالسؤال الأخير ھو ح
وقد يشمل كذلك الوقت الذي قضيته جالسا ًعلى . ھذا يشمل وقت الجلوس في العمل و البيت والدراسة وخلال وقت الفراغ
 .و الاستلقاء لمشاھدة التلفازأو خلال زيارة الأصدقاء أو القراءة أو الجلوس أ( منضدة)مكتب 
  خلال الأيام السبعة الماضية، كم كنت تقضي من الوقت جالسا ًفي اليوم؟.7
  
  لست متأكدا/دقائق في اليوم           لا أدري --------- ساعات في اليوم          --------      
 
 
                .ھذه ھي نھاية الاستبيان، شكرا على المشاركة
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CORTISOL COLLECTION INSTRUCTIONS 
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Faculty of Health Science 
‐                             
Discipline of Exercise and 
Sport Science ‐ East 
Street 
PO Box 170 Lidcombe  
NSW 1825 Australia 
 
Instructions for the collection of saliva specimen 
We have provided you with a small plastic container in which to collect your 
saliva. 
The label on the container is like this: 
Code number :  Waking Time :
Date Saliva Collected:  Time Saliva Collected: 
 
Saliva specimen collection times: 
 
 Immediately on waking 
 At exactly 10 min from waking 
 At exactly 20 min from waking 
 
Should you miss the collection time, please collect the specimen on 
another day. 
 
 
TIMING OF SALIVA COLLECTION IS CRUCIAL. 
DAYLIGHT EXPOSURE AFFECTS THE MEASURE IN THE  SALIVA. 
 
 
Provided are:  
 3 labelled plastic containers and cotton roll for saliva collection. 
Each label has: 
o TIME (0 or 10 or 20 min) 
o Time Saliva Collected 
o Waking Time 
o Date Saliva Collected 
 
 A plastic bag 
 
 Sunglasses to wear for the entire period of saliva collection. 
 
You can do your normal morning activities BUT  
 
 
NO food or drinks or smoking.  
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NO exercise. 
NO teeth brushing. 
NO sample collection if you have blood from any injury in your mouth. 
 
 
 
Instructions for collection of saliva specimen 
 
1. Upon awakening, please put on the sunglasses. 
 
  
                      +  +  + 
 
                   
 
2. Write down your waking time on the container marked with 0 min.  
o Open the container, pull out the cotton roll and place it in your mouth.   
o Roll the cotton roll around with your tongue and gently chew to stimulate 
saliva production. This will take about one minute.  
o Then spit the cotton into the O min container and cap the container 
tightly. 
 
3. After exactly 10 minutes from waking, open the container marked 10min and 
collect the 2nd sample as before. 
 
4. After exactly 20 minutes from waking, open the container marked 20min and 
collect the 3rd sample as before. 
 
5. Place all of the containers in the plastic bag provided. 
 
6. Immediately place the plastic bag of saliva samples in your freezer At home 
 
+   
 
 
7‐Bring your saliva samples along to your blood collection appointment which is 
at …………  a.m,  on date……………………………..        In room:..................... 
If you are unable to attend your appointment, please simply leave your samples 
in your home freezer, and as soon as possible please call or SMS Tawfiq 
..................., or email (talm3809@usyd.edu.au) to make another appointment. 
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    ecneicS htlaeH fo ytlucaF
 dna esicrexE fo enilpicsiD
 tsaE ‐ ecneicS tropS
 teertS
  ebmocdiL 071 xoB OP
 ailartsuA 5281 WSN
  
  nemiceps avilas fo noitcelloc eht rof snoitcurtsnI        تعليمات جمع عينات اللعاب
 
  -:أوﻗﺎت ﺟﻣﻊ ﻋﻳﻧﺎت اﻟﻠﻌﺎب 
  .ﻳﻘﺎظ ﻣن اﻟﻧوم ﺻﺑﺎﺣﺎ ًﻋﻠﻰ اﻟﻔور ﻋﻧد اﻻﺳﺗ - 
 .دﻗﺎﺋق ﺑﺎﻟﺿﺑط ﻣن اﻻﺳﺗﻳﻘﺎظ 01ﺑﻌد  - 
 .دﻗﻳﻘﺔ ﺑﺎﻟﺿﺑط ﻣن اﻻﺳﺗﻳﻘﺎظ 02ﺑﻌد  - 
  .إذا ﺣﺻﻝ أن ﻓﺎت ﻣوﻋد ﺟﻣﻊ أي ﻋﻳﻧﺔ وﻟم ﺗﺟﻣﻌﻬﺎ اﻟرﺟﺎء ﺟﻣﻊ اﻟﻌﻳﻧﺎت ﻣن ﺟدﻳد ﻓﻲ ﻳوم آﺧر
  
  ﺗوﻗﻳـــــــــــت ﺟﻣــــــــــﻊ اﻟﻌﻳﻧـــــــــــﺎت أﻣــــــــــر ﺑـــــــــــﺎﻟﻎ اﻷﻫﻣﻳــــــــــﺔ واﻟﺗﻌــــــــــرض ﻟﺿـــــــــــوء اﻟﻧﻬـــــــــــﺎر ﻳـــــــــــؤﺛر * 
  .ﻓﺣﺻﻬﺎ ﻓﻲ اﻟﻠﻌﺎب ﻋﻠﻰ اﻟﻣﺎدة اﻟﻣراد   
 
 
 +  +  + 
 
  -:يتم تزويدك بـ 
  ﺛﻼث أﻧﺎﺑﻳب ﺑداﺧﻝ ﻛﻝ أﻧﺑوﺑﺔ ﻟﻔﺔ ﻣن اﻟﻘطن ﻛﺗب ﻋﻠﻰ اﻷﻧﺑوﺑﺔ     1‐
 (.دﻗﻳﻘﺔ 02دﻗﺎﺋق أو  01اﻟوﻗت ﺻﻔر أو )وﻗت ﺟﻣﻊ اﻟﻌﻳﻧﺔ   - أ 
 .وﻗت ﺟﻣﻊ اﻟﻌﻳﻧﺔ -ب 
 .وﻗت اﺳﺗﻳﻘﺎظك ﻣن اﻟﻧوم - ج 
 .ﺟﻣﻊ اﻟﻌﻳﻧﺎت ﺗﺎرﻳﺦ  - د 
 .ﻛﻳس ﺑﻼﺳﺗﻳك   2‐ 
 .ﺗﻳﻘﺎظك ﺣﺗﻰ ﻟﺣظﺔ ﺟﻣﻊ آﺧر ﻋﻳﻧﺔﻧظﺎرات ﺷﻣﺳﻳﺔ ﺗوﺿﻊ ﻋﻠﻰ ﻋﻳﻧﻳك ﻣن ﻟﺣظﺔ اﺳ   3‐
 
  : ﺑﺎﺳﺗطﺎﻋﺗك اﻟﻘﻳﺎم ﺑﻛﻝ ﻣﺎ ﺗرﻳد ذﻟك اﻟﺻﺑﺎح وﻟﻛن 
  .ﻻ ﺗﺄﻛﻝ (1
 .ﻻ ﺗﺷرب (2
 .ﻻ ﺗﻣﺎرس أي ﺗﻣرﻳن رﻳﺎﺿﻲ (3
 .ﻻ ﺗﻔرﺷﻲ أﺳﻧﺎﻧك (4
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 .ﻻ ﺗﺟﻣﻊ أي ﻋﻳﻧﺔ إذا ﻛﺎن ﻫﻧﺎك أي دم ﻓﻲ ﻓﻣك ﻣن أي ﺟرح (5
 
  
  :ﺗﻌﻠﻳﻣﺎت ﺟﻣﻊ اﻟﻌﻳﻧﺔ 
 .ﻓورا ً كﻋﻳﻧﻳﻋﻧد اﻻﺳﺗﻳﻘﺎظ ﺿﻊ اﻟﻧظﺎرة اﻟﺷﻣﺳﻳﺔ ﻋﻠﻰ  (1
  
اﻛﺗب وﻗت اﺳﺗﻳﻘﺎظك ﻋﻠـﻰ اﻷﻧﺑوﺑـﺔ اﻟﻣﻌﻠﻣـﺔ ﺑﺻـﻔر دﻗﻳﻘـﺔ ، ﺿـﻊ اﻟﻠﻔﺎﻓـﺔ اﻟﻘطﻧﻳـﺔ ﻓـﻲ ﻓﻣـك وﺣرﻛﻬـﺎ  (2
 .واﻣﺿﻐﻬﺎ ﺑﻠطف ﻟﻣدة دﻗﻳﻘﺔ واﺣدة ﺛم اﺑﺻﻘﻬﺎ ﺑﺎﻷﻧﺑوﺑﺔ وأﻏﻠق اﻷﻧﺑوﺑﺔ
  
 
دﻗـﺎﺋق ، ﺿـﻊ اﻟﻠﻔﺎﻓـﺔ اﻟﻘطﻧﻳـﺔ ﻓـﻲ  01دﻗـﺎﺋق ﻣـن اﺳـﺗﻳﻘﺎظك اﻓـﺗﺢ اﻷﻧﺑوﺑـﺔ اﻟﻣﻌﻠـم ﻋﻠﻳﻬـﺎ ﺑــ  01ﺑﻌـد  (3
 .ﺣرﻛﻬﺎ واﻣﺿﻐﻬﺎ ﺑﻠطف ﻟﻣدة دﻗﻳﻘﺔ واﺣدة ﺛم اﺑﺻﻘﻬﺎ ﺑﺎﻷﻧﺑوﺑﺔ وأﻏﻠق اﻷﻧﺑوﺑﺔﻓﻣك و 
 
دﻗﻳﻘـﺔ واﺟﻣـﻊ اﻟﻌﻳﻧـﺔ اﻟﺛﺎﻟﺛـﺔ  02دﻗﻳﻘـﺔ ﻣـن اﻻﺳـﺗﻳﻘﺎظ اﻓـﺗﺢ اﻷﻧﺑوﺑـﺔ اﻟﺛﺎﻟﺛـﺔ اﻟﻣﻛﺗـوب ﻋﻠﻳﻬـﺎ  02ﺑﻌـد  (4
 . ﺑﻧﻔس اﻷﺳﻠوب اﻟذي ﺟﻣﻌت ﻓﻳﻪ اﻟﻌﻳﻧﺔ اﻷوﻟﻰ واﻟﺛﺎﻧﻳﺔ
  
وﺿﻊ اﻟﻛـﻳس ﻓـﻲ اﻟﻔرﻳـزر ﻓـﻲ ﺛﻼﺟـﺔ ﺑﻳﺗـك ﺣﺗـﻰ ﻳﺣـﻳن ﺿﻊ اﻷﻧﺎﺑﻳب ﺟﻣﻳﻌﻬﺎ ﻓﻲ اﻟﻛﻳس اﻟﺑﻼﺳﺗﻳك  (5
 ..………………اﻟرﺟـﺎء إﺣﺿـﺎر ﻋﻳﻧـﺎت ﻟﻌﺎﺑـك ﻓـﻲ ﻣوﻋـد ﺳـﺣب اﻟـدم ﻓـﻲ اﻟﻳـوم.  ﻣوﻋـد ﺳـﺣب اﻟـدم
 …………………واﻟﺳﺎﻋﺔ
  
ﺳــﺣب اﻟــدم اﻟرﺟــﺎء اﻻﺣﺗﻔــﺎظ ﺑﻌﻳﻧــﺎت اﻟﻠﻌــﺎب ﻓــﻲ ﻓرﻳــز ﺛﻼﺟﺗــك إذا ﻟــم ﻳﻛــن ﺑﺎﺳــﺗطﺎﻋﺗك أن ﺗﺣﺿــر ﻣوﻋــد 
أو ﺑﺎﻟﺑرﻳـد ............................. واﻻﺗﺻـﺎﻝ ﺑﺗوﻓﻳـق اﻟﻣﺎﺿـﻲ أو إرﺳـﺎﻝ رﺳـﺎﻟﺔ ﻗﺻـﻳرة ﻟـﻪ ﻋﻠـﻰ اﻟـرﻗم 
  .وذﻟك ﻟﺗﺣدﻳد ﻣوﻋد ﺳﺣب دم آﺧر ﻟك moc.oohay@idamhtاﻹﻟﻛﺗروﻧﻲ 
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What is already known about the topic?
The Perceived Stress Scale (PSS-14) is a psychological
tool for measuring the perception of stress.
The Scale has been translated into several languages
and has demonstrated good reliability and internal
consistency.
There is no Arabic version of the PSS-14.
What this paper adds
 The development of a translated Arabic version of the
PSS-14.
 The Arabic version of the PSS-14 demonstrated good
reliability and internal consistency.
1. Introduction
Stress may be considered a stimulus, a response or an
interaction process between the individual and his
environment (Brantley and Thomason, 1995). Lazarus
(1999) and Lazarus and Folkman (1984) take the latter
R T I C L E I N F O
icle history:
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ywords:
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A B S T R A C T
Background: The Perceived Stress Scale has been designed to measure the degree to which
situations in a person’s life are perceived as stressful.
Objective: The paper describes the development of an Arabic version of the Perceived
Stress Scale.
Design: A translation process with cross-cultural considerations was employed to produce
an Arabic version of the Perceived Stress Scale.
Settings: Participants were asked to complete the Arabic version Perceived Stress Scale
twice in their homes.
Participants: The Jordanian study population for the Arabic version Perceived Stress Scale
validation consisted of 126 volunteers (74 male, 52 female). Ninety participants
completed the scale twice (55 male, 35 female), of whom 58 were high schools teachers
and 32 technical workers. Arabic was the ﬁrst language of all participants and all gave
informed consent.
Results: The Arabic version Perceived Stress Scale reliability and validity were evaluated.
Prior to an exploratory factor analysis, the suitability of data for factor analysis was
assessed with acceptable results. The exploratory factor analysis showed two factors with
eigenvalues greater than 1.0 (45.0% of variance). The Cronbach’s alpha coefﬁcients were
0.74 (Factor 1), 0.77 (Factor 2) and 0.80 for the Arabic version Perceived Stress Scale
overall. The test–retest reliability had an intra-correlation coefﬁcient of 0.90.
Conclusions: The Arabic version Perceived Stress Scale showed an adequate reliability and
validity. Therefore, the Arabic Perceived Stress Scale is considered a suitable instrument to
assess perceived stress in Arabic people.
 2011 Elsevier Ltd. All rights reserved.
 Corresponding author.
E-mail addresses: talm3809@uni.sydney.edu.au (T. Almadi),
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T. Almadi et al. / International Journal of Nursing Studies 49 (2012) 84–89 85iew that psychological stress is a dynamic interaction
etween the individual and his environment, and they
roposed that stress is neither an environmental stimulus
or a psychological response, but rather a relationship
etween environmental demands and the ability to deal
ith them. Thus, stress is seen as a transaction between
dividual and environment. In other words, the environ-
ent provides the initial stimulus, but the key determi-
ants of stress are the way the individual perceives the
nvironment and his ability to cope with the stress. Based
n this transactional deﬁnition of stress, Cohen et al.
983) designed the Perceived Stress Scale (PSS) and later
evenstein et al. (1993) published the Perceived Stress
uestionnaire (PSQ), which are self-reported measures of
e degree to which situations in an individual’s life are
erceived as stressful. Both the PSS and PSQ have been
anslated into many languages and applied in different
ettings. Due to the length of the PSQ (30 items), we chose
e shorter PSS (14 items) to be translated and validated.
SS items were designed to assess the degree to which
dividuals found their life unpredictable, uncontrollable,
nd overloaded. These issues have been repeatedly found
 be central components of the experience of stress
ohen et al., 1983). The PSS has been applied in a variety of
tudies including those linking stress to psychological or
hysiological disorders and depression symptoms (Chang,
998); detecting the stress level of schizophrenia care-
ivers (Dyck et al., 1999); assessing the stress level of HIV-
fected patients (Cruess et al., 1999); correlation between
tress and increased susceptibility to respiratory diseases
ohen et al., 1993); and also to the anti-inﬂammatory
esponse (Song et al., 1999).
The PSS assesses the level of perceived stress experi-
nced over the previous month, and has three versions: the
SS-14 (Appendix B), PSS-10 and PSS-4 with 14 and 10 and
 items respectively. The PSS-14 has seven positive and
even negative items. The tool has demonstrated good
eliability coefﬁcients with Cronbach’s alpha ranging from
.75 to 0.91 (Cohen et al., 1983; Cohen and Williamson,
988; Cole, 1999). The PSS has been translated into several
nguages including Spanish (Remor, 2006), Swedish
skin and Parr, 1996), Chinese (Lee and Crockett, 1994),
nd Japanese (Mimura and Grifﬁths, 2008). Thus, its
pplication has particular value in cross-cultural studies,
ince it has been used in a wide range of cultures. While
ere has been one validation study of an Arabic version of
e PSS-10 (Chaaya et al., 2010), there is no evaluated
rabic version of the PSS-14. This paper reports the
evelopment of a translated Arabic version of the PSS-14
gether with testing for reliability and validity.
. Methods
.1. Translators
Professional translators were recruited through The
ational Accreditation Authority for Translators and
terpreters Ltd (NAATI) web site (www.naati.com.au).
he translators were selected in accordance with the
llowing criteria: (1) accredited by NAATI and (2) hold a
ostgraduate degree in translation. Non-professional
translators, which included bilingual academic and health
professionals, were recruited through collegial contacts of
the study coordinator and all worked within the Australian
university system. Nonprofessional translators married
couple translators were recruited through Arabic commu-
nity centers in Australia. Each married couple had one
native English speaker and one Arabic native speaker, who
was educated in an English speaking country (Australia).
The married couples had been asked to discuss the
meaning of scale items. Married couples were speciﬁcally
chosen in an attempt to avoid more formal language used
less frequently by the general public.
2.2. Translation
The repeated forward–backward translation procedure
was adopted (Meadows et al., 1997) for the translation of
the PSS into Arabic. The process of producing the Arabic
PSS version involved seven stages (Fig. 1).
2.2.1. Stage 1: English to Arabic translations
Twelve people (three professional translators, three
academics, and three married couples) were involved in
Stage 1 of the Arabic PSS version. All translators were asked
to avoid a literal translation and to ensure that the
translation used simple language providing equivalence in
the meaning of questions and rating scales. Each married
couple had one native English speaker and one Arabic
native speaker, who were educated in an English speaking
country (Australia). The married couples worked as a team
in translating the English version into Arabic.
2.2.2. Stage 2: Arabic version (1)
One of the authors (TA) and one health academic, both
bilingual in Arabic and English, uniﬁed the nine Arabic
translations produced from Stage 1 into a single translated
version (Arabic version (1)).
2.2.3. Stage 3: Arabic version (2)
Another couple, both bilingual health professionals –
one of them experienced in the use of psychological
research studies within the Arabic community, and
familiar in psychological terminology in both Arabic and
English and not employed for Stages 1 or 2 – compared
Arabic version (1) to the English original. They evaluated
the clarity of writing and equivalence in the meaning of
questions and answers. Unclear or ambiguous Arabic
expressions were modiﬁed to produce Arabic version (2).
2.2.4. Stage 4: 1st back translation of Arabic to English
A further two independent translators, one professional
translator and one a bilingual health academic, both blind
to the original English version, back-translated Arabic
version (2) into English.
2.2.5. Stage 5: identiﬁcation of discrepancies in back
translation
Two health academics (native English speakers) com-
pared the original English version and the two back-
translated versions, and checked for equivalence in the
meaning of scales, questions and the answer options. They
id
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ck-translated versions.
.6. Stage 6: Arabic version (3)
To resolve the discrepancies identiﬁed in Stage 5, the
thor (TA) adjusted the Arabic expressions that were
found to be ambiguous or unclear, using alternative Arabic
expressions from the nine translations produced in Stage 1,
and resulting in Arabic version (3).
2.2.7. Stage 7: 2nd back translation of Arabic to English
One of the professional translators from Stage 4 was
asked to do a back-translation into English a second time.
Stages 5, 6, and 7 were repeated until all ambiguous and
unclear statements were resolved and a ﬁnal consensus
version was obtained. See Appendix B for the ﬁnal Arabic
PSS.
2.3. Participants
The study population for the Arabic PSS validation
consisted of 126 volunteers (74 male, 52 female) who were
teachers and technical staff from three high schools
located in the city of Zarka, Jordan. All subjects had at
least a high school education certiﬁcate. Thirty-six subjects
were excluded because they did not answer all the Arabic
PSS questions. Ninety participants completed the Arabic
PSS twice (55 male, 35 female; mean age of 35.2  10.1
years), of whom 58 were teachers and 32 were technical staff.
Arabic was the ﬁrst language of all participants and all gave
informed consent. The study was approved by the Human
Research Ethics Committees of The University of Sydney and
Jordan University.
2.4. Procedure
Permission from the principals at the three high schools
was obtained to conduct the study. The study coordinator
(TA) personally approached teaching and technical staff in
the staff room at each school. The questionnaires and study
information sheet – including information about the PSS
questionnaire, the need for an Arabic version, and the
contact details of the study coordinator – were handed to
staff who agreed to participate in the study. Informed
consent was obtained from all participants. All participants
were asked to complete the Arabic PSS questionnaire at
home as well as some additional questions regarding the
participant’s sex, age, education level and current job.
Participants returned the questionnaire by mail or in-
person to the study coordinator during a subsequent
weekly visit to the school (4 visits for each school). After an
average of 14 days from the completion of the ﬁrst testing,
a second Arabic PSS questionnaire was given to each
participant for completion. Conﬁdentiality of participants
was assured by the use of identiﬁcation codes which were
known only by one of the authors.
2.5. Statistical analysis
The internal consistency was assessed by the Cron-
bach’s alpha coefﬁcient and the test–retest reliability was
assessed by the intra-class correlation coefﬁcient (SPSS
version 17, SPSS Inc.). Prior to an exploratory factor
analysis the suitability of data for such a factor analysis
was assessed by the (1) correlation between the scale
items (Tabachnick and Fidall, 1996), (2) Kaiser–Meyer–
Oklin (KMO) sample adequacy measure (Kaiser, 1970,
2 English back-translations 
with problems identified 
Translation into Arabic by 3 
professional translators, 3 bilingual 
academics and 3 bilingual married 
couples
Comparison of back translations 
with the English PSS version by 
2 health academics
tage 1
tage 2
tage 3
tage 4
tage 5
tage 6
tage 7
9 Arabic translations
Arabic version (1)
Arabic version (2)
2 English back-translations
Arabic version (3)
Back-translated English version
Discrepancies 
between back-
translation and PSS 
English version?
No
Yes
Unification of  9 Arabic 
translations by an author (TA) 
and one health academic
Comparison of Arabic version (1) 
with English  PSS version by 2 
bilingual health academics  
Back translation of Arabic 
version (2) into English by 2 
professional translators 
Adjustment of Arabic expressions 
found to be problematic in Stage 5 
by author (TA)    
Back translation of Arabic 
version (3) into English by a 
professional translator      
English PSS 
version
Final Arabic 
PSS version
Fig. 1. Translation process.
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T. Almadi et al. / International Journal of Nursing Studies 49 (2012) 84–89 87974), and (3) Bartlett’s test (Bartlett, 1954). To examine
e factorial structure of the scales, an exploratory factor
nalysis using principal factors extraction was undertaken.
actors with eigenvalues greater than 1.0 were retained
abrigar et al., 1999) and the varimax rotation method
as used to obtain clear factorial structures.
. Results
Table 1 shows the internal consistency and test–retest
eliability of the Arabic PSS. Inspection of the strength of
orrelation between the 14 items revealed the presence of
any correlation coefﬁcients of 0.3 and above, which is
onsidered adequate (Tabachnick and Fidall, 1996). The
aiser–Meyer–Oklin value was 0.71, which exceeded the
inimum recommended value of 0.60, and the Barlett’s
st of sphericity reached statistical signiﬁcance, p < 0.001
allant, 2001). Therefore, all assessment results supported
e suitability of the study data for factorial analysis.
Principle components analysis revealed the presence of
ur components with eigenvalues exceeding 1, explaining
1%, 14%, 10% and 9% of the variance. An inspection of the
cree plot (Fig. 2) (Catell, 1966) revealed a break after the
econd component. Varimax rotation was performed. The
otated solution (Table 2) revealed the presence of a simple
tructure (Thurstone, 1947), and the rotated major two
omponents explained 45% of the variance. All the seven
ems of negative perception (1, 2, 3, 8, 11, 12, and 14)
aded highly on the ﬁrst component and explained 23% of
e variance, while all the other seven items of positive
erception (4, 5, 6, 7, 9, 10, and 13) loaded strongly on the
econd component and explained 22% of the variance.
. Discussion
The Principle Factors Analysis results indicated that the
rabic PSS items can be loaded on four components
(factors), but the Scree plot (Fig. 2) revealed a break after
the second component, so it was decided to retain the ﬁrst
and second (the largest two) components for extraction
and rotation by the varimax rotation method. The two
component solution of the PSS were also adopted in other
PSS versions: Japanese, Spanish, and English, and similar
items loading on the two components have been reported
as the Arabic PSS in the current study (Hewitt et al., 1992;
Mimura and Grifﬁths, 2008; Ramirez and Hernandez,
2007). The varimax rotation showed that the Arabic PSS
and the English PSS have almost the same loading except
for item 7 (Table 2).
In the present study, the Arabic PSS showed that the
loading of positive and negative items is consistent with
the original English PSS, except for the loading of item 7
(Table 2). However, the loading of Arabic PSS-14 items,
including item 7, is consistent with the versions in
Japanese, Spanish and Hungarian (Mimura and Grifﬁths,
2008; Remor, 2006; Stauder and Konkoly¨, 2006).
Internal consistency of the Arabic PSS, assessed by the
Cronbach’s alpha coefﬁcient of both components, was
acceptable (0.74 and 0.77) and for the Arabic PSS-14 scale
overall (0.80). These values are close to those for the widely
used original English version which was from 0.80 to 0.86
(Cohen et al., 1983, Hewitt et al., 1992). These values show
that the Arabic PSS-14 and its components have good
internally consistency. Additional test–retest reliability/
stability assessment was performed using intra-correla-
tion coefﬁcient, which was high, reﬂecting high reliability
of the scale (Table 1).
Table 1
Mean scores (SD), range, Cronbach’s alpha coefﬁcient, and intra-class
correlation coefﬁcients (ICC) for the Arabic PSS-14.
Mean (SD) Range Cronbach’s alpha ICC (95%CI)
26.3 (8.2) 8–47 0.80 0.90 (0.87–0.93)Fig. 2. Scree test for the APSS.
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T. Almadi et al. / International Journal of Nursing Studies 49 (2012) 84–8988While there has been one validated Arabic version of
e PSS-10 (Chaaya et al., 2010), up to now, there is no
abic version of the PSS-14. The current validated
abic PSS-14 provides an important tool for comparison
ith other ethnic/language groups, since the longer 14
m version is more commonly used in health studies
ee, for example, references on Macarthur Research
twork on SES and Health (2008)), Furthermore, the
abic PSS-14 has higher internal consistency, reliability
d stability values than the Arabic PSS-10, while having
ilar factorial analysis results. A concerted effort was
ade to produce an Arabic translation of the PSS with a
ide range of translators involved in the process
arried couples, professional translators, and aca-
mics with experience in psychological scales). The
nslation process had a balanced treatment of both
guistic and cross-cultural considerations (Hambleton,
94; Van de Vivjer and Hambleton, 1996). This was
hieved by using three married couples with a native
glish speaker and an Arabic native speaker to discuss
ord meanings in the PSS and identify equivalent Arabic
ords. In addition, professional translators were used to
rther improve the translation from a linguistic point of
ew. Despite these steps having been taken, the
ﬂuence of cultural differences on both the experience
 stress, and responses to it, cannot be eliminated. A
rther study using a larger sample size is needed to
sess the cross-cultural validity of this scale using
nﬁrmatory factorial analysis as described by Beckstead
 al. (2008). Future studies could also examine
nvergent validity by assessing correlations between
abic PSS scores and other scales measuring perceived
ress.
In summary, this Arabic version of the PSS-14 has
od internal consistency and reliability. The factorial
ructure was similar to the PSS translated into other
nguages, and further establishes its value in cross-
ltural studies. We consider this Arabic version of the
S a suitable instrument to assess perceived stress for
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AN ARABIC VERSION OF THE EFFORT-REWARD IMBALANCE 
QUESTIONNAIRE: TRANSLATION AND VALIDATION STUDY1
TAWFIQ ALMADI, IAN CATHERS, AND CHIN MOI CHOW
Discipline of Exercise and Sport Science
Faculty of Health Sciences
The University of Sydney
Summary.—An Arabic version of the Eﬀ ort-Reward Imbalance Questionnaire 
was developed and validated through a translation process with cross-cultural 
considerations. The translated questionnaire was evaluated for reliability and 
validity. A Principal Components Analysis was conducted following assessment 
of the suitability of data for factor analysis. Components with high eigenvalues 
were extracted, followed by Varimax rotation. Three components with eigenvalues 
greater than 1.0 (50% of variance) were indicated. The analysis showed Cronbach’s 
α coeﬃ  cients of .82 for the Eﬀ ort scale, .88 for the Reward scale, and .74 for the 
Overcommitment scale. The test-retest reliability was high with intra-correlation 
coeﬃ  cients of ≥.86. The Arabic version of the Eﬀ ort-Reward Imbalance Question-
naire showed adequate reliability and validity and is a suitable instrument to assess 
work stress in Arabic-speaking people.
The adverse physical health eﬀ ects of psychosocial stress in the 
workplace has mainly been investigated through two theoretical models: 
the demand-control model (Karasek, 1979; Karasek & Theorell, 1990) and 
the eﬀ ort-reward imbalance model (Siegrist, 1996). The demand-control 
model emphasises psychological demands of work and job control by the 
individual, where high job demand with little control over work produces 
job strain. The eﬀ ort-reward imbalance model, on the other hand, assesses 
three aspects of work stress: “eﬀ ort,” “reward,” and “overcommitment.” It
is based on the notion of social reciprocity whereby eﬀ ort is reciprocated 
by socially defi ned reward. Eﬀ ort represents the job demands and/or 
obligations that are imposed on the employee, while reward includes 
such things as salary, bonus money, esteem, job security, and career 
opportunities. The eﬀ ort-reward imbalance model claims that a lack of
reciprocity between eﬀ ort and reward at work, with high eﬀ ort and low 
reward, elicits sustained stress reactions (distress). In addition, the model 
assumes that distress will be higher in more highly over-committed 
employees than in less over-committed employees. 
Whilst the demand-control model emphasizes task-level control, the 
eﬀ ort-reward imbalance model emphasizes employees’ rewards (Siegrist, 
1Address correspondence to Tawfi q Almadi, Discipline of Exercise and Sport Science, Faculty 
of Health Sciences, The University of Sydney,  P.O. Box 170, Lidcombe, NSW 1825, Australia 
or e-mail (talm3809@uni.sydney.edu.au).
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2001; Tsutsumi & Kawakami, 2004). Thus, the eﬀ ort-reward imbalance has 
advantages over the demand-control model, since it has focused attention 
on stressors such as payment adequacy, job insecurity, job changes, and 
job promotion prospects (Griep, Rotenberg, Vasconcellos, Landsbergis, 
Comaru, & Alves, 2009). The Eﬀ ort-Reward Imbalance Questionnaire 
consists of 23 items measuring work eﬀ ort, reward, and over commitment; 
many studies have supported its validity for evaluating stress in the 
working environment (Tsutsumi & Kawakami, 2004; Unterbrink, Hack, 
Pfeifer, Buhl-Griesshaber, Müller, Wesche, et al., 2007). Employees who 
scored high on the questionnaire were at higher risk of health disorders 
(Bosma, Peter, Siegrist, & Marmot, 1998; Dragano, Knesebeck, Rödel, & 
Siegrist, 2003; Wada, Sakata, Theriault, Aratake, Shimizu, Tsutsumi, et al., 
2007).
In this study, the Eﬀ ort-Reward Imbalance Questionnaire–English 
Version (Siegrist, et al., 2004), was translated into the Arabic language and 
validated. The questionnaire has been translated into several languages 
including French (Niedhammer, Siegrist, Landre, Goldberg, & Leclerc, 
2000), Japanese (Tsutsumi, Ishitake, Peter, Siegrist, & Matoba, 2001), Dutch 
(Hanson, Schaufeli, Vrijkotte, Plomp, & Godaert, 2000), Chinese (Li, Yang, 
Cheng, Siegrist, & Cho, 2005), Brazilian (Chor, Werneck, Faerstein, Alves, & 
Rotenberg, 2008), Thai (Buapetch, Lagampan, Faucett, & Kalampakorn, 
2008), and Korean (Eum, Li, Lee, Kim, Paek, Siegrist, et al., 2007). Thus, its 
application has particular value in cross-cultural studies, since it has been 
used in a wider range of cultures than most other measures. Nevertheless, 
there are an increasing number of studies that assess work stress 
within Arabic countries using the English version of the questionnaire. 
Consequently, only those who understand written English could take part 
in those studies (Hamdan-Mansour, Al-Gamal, Puskar, Yacoub, & Marini, 
2011; Devreux, Jacquerye, Kittel, Almazrooa, & Al-Awa, 2012). Such 
fi ndings may not be generalized to the whole population, since those who 
understand English may be among higher socio-economic groups with 
more education. Unfortunately, the research is limited by the fact that there 
is as yet no Arabic version of the Eﬀ ort-Reward Imbalance Questionnaire. 
This paper reports the development of a translated Arabic version of the 
Eﬀ ort-Reward Imbalance Questionnaire, together with testing for internal 
consistency reliability and validity.
METHOD
Eﬀ ort-Reward Imbalance Questionnaire
The questionnaire consists of 23 items with three scales: 6 items 
measure Eﬀ ort, 11 measure Reward, and 6 measure Overcommitment 
(see Appendix A). The items of the Eﬀ ort and Reward scales are rated 
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in two steps. In Eﬀ ort and Reward scales, in a fi rst step, the respondents 
are asked whether the item content describes a typical experience in their 
workplace. If the participants “disagree” with the content of the question 
then the item is scored 1. If the participants “agree,” then in a second rating 
step, they are asked to rate the distress associated with this experience by 
choosing one of four options: 2: I am not at all distressed, 3: I am some-
what distressed, 4: I am distressed, or 5: I am very distressed. For the Over-
commitment scale, ratings are 1: Strongly disagree, 2: Disagree, 3: Agree, 
4: Strongly agree.
A summary score is computed for each scale, which ranges between 
6 and 30 for Eﬀ ort, 11 and 55 for Reward, and 6 to 24 for Over-commit-
ment (after reverse scoring Item 3). The eﬀ ort-reward ratio (ER ratio) is 
calculated by dividing the total Eﬀ ort score by the Reward score with a 
correction factor for the diﬀ erent number of items in each scale: ER ratio = 
(eﬀ ort score/reward score x 1.834). 
Translation
For the translation into Arabic, a repeated forward-backward 
translation technique was used (Meadows, Bentzen, & Touw-Otten, 
1997). The translation process involved seven stages using professional 
translators, bilingual academics, bilingual married couples, and bilingual 
health professionals, which had been used in validation of the Arabic 
Perceived Stress Questionnaire–14 (Almadi, Cathers, Hamdan Mansour, & 
Chow, 2012), as described below in detail.
Stage 1: English to Arabic translations.—Translators were from diﬀ er-
ent sectors: professional translators, academics, and married couples. All 
translators were instructed to use simple language in translating items 
and avoid formal Arabic words as much as possible. Each bilingual (Eng-
lish-Arabic) married couple worked together on the translation as one 
team. The couples consisted of one Arabic native speaker and one Eng-
lish native speaker, and both were educated in an English-speaking coun-
try (Australia). Each couple was instructed to discuss the item expressions 
and their meaning. Then the Arabic spouse was instructed to write down 
the Arabic translation resulting from this discussion. 
Stage 2: fi rst Arabic version.—The study coordinator (TA) and one uni-
versity academic, both bilingual in Arabic and English, integrated the nine 
Arabic translations from Stage 1 into a single translated Version 1.
Stage 3: second Arabic version.—Another two translators, both bilingual 
health professionals, not employed in previous translation projects, evalu-
ated Arabic Version 1 against the English original. Of these two translators, 
one was an experienced psychology researcher within the Arabic commu-
nity and was familiar with Arabic and English psychology terminology. 
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Both assessed the simplicity of writing and similarity in the meaning of 
questionnaire items and response options. Any problematic Arabic expres-
sions were modifi ed to produce the Arabic Version 2.
 Stage 4: fi rst back-translation of Arabic to English.—Two independent 
translators, one a professional translator and the other a health academic, 
who had not been employed in previous translation stages, but who had 
not seen the original English version, were asked to back-translate the 
Arabic Version 2 into English. 
Stage 5: identifi cation of discrepancies in back-translation.—Two native 
English speakers, both health academicians, compared the two back-
translated versions against the original English version, and checked for 
similarity in the meanings of the questionnaire items and the response 
options. They identifi ed diﬀ erences between the original and the back-
translated versions. 
Stage 6: Arabic version 3.—To resolve the diﬀ erences found in Stage 
5, the fi rst author (TA) changed the Arabic terms that were identifi ed as 
problematic, using alternative Arabic terms from the nine translations 
formed in Stage 1, to produce Arabic Version 3. 
Stage 7: second back-translation.—The same professional translator 
involved in Stage 4 was requested to carry out a back-translation into 
English a second time. Previous Stages 5, 6, and 7 were repeated until all 
problems were resolved and a fi nal agreed-upon version was obtained 
(see Appendix B). 
Participants
Participants were recruited from three Jordanian high schools in Zraka 
city. They were required to be over 18 years old with a minimum education 
level of high school certifi cate, to have Arabic as their native language, 
and to be willing to complete the questionnaire twice. Participants 
(N = 126) agreed to be involved in the study (74 men, 52 women), with 
96 participants (61 men, 35 women) completing the questionnaires twice. 
The participants (M age = 35.1 yr., SD = 10.0) were teachers (81%) with a 
minimum qualifi cation of diploma in teaching and technical staﬀ  (19%). 
The Human Research Ethics Committees of both The University of Syd-
ney and Jordan University approved the study protocol. Written consent 
was obtained from all participants and school administrations.
Procedure
The participants completed the Arabic Eﬀ ort-Reward Imbalance 
Questionnaire and demographic questionnaires at home and returned 
them by mail or in person to the fi rst author (TA). After a two-week 
period, the participants repeated the process by responding to the same 
questionnaire. Participants’ identities were coded for anonymity. 
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Statistical Analysis 
Internal consistency reliability was assessed by Cronbach’s α 
coeﬃ  cient (1951) and the item-total correlation coeﬃ  cient. Test-retest 
reliability was assessed by the intra-class correlation coeﬃ  cient. Prior to 
the factor analysis, the data were evaluated by performing correlations 
between the scale items (Tabachnick & Fidell, 1996). The Kaiser-Meyer-
Oklin (KMO) sample adequacy index was >  0.6 (Kaiser, 1970, 1974) and 
Bartlett’s sphericity test was statistically signifi cant (Bartlett, 1954). 
The principal component analysis (PCA) was conducted to examine the 
component structure of the 23 items of the Arabic Eﬀ ort-Reward Imbalance 
Questionnaire. Three criteria were used for deciding the number of com-
ponents to be retained for extraction and rotation. Components with high 
eigenvalues (>  1.0) according to Kaiser’s criterion were extracted (Kiaser, 
1974). The Cattell’s Scree plot (Cattell, 1966) was used to produce a plot of 
each component’s eigenvalues, followed by graph inspection for a break 
point in the data, where the curve began to level. The number of data points 
above the break represented the components retained for extraction and 
rotation. Based on these two criteria, the potential number of components to 
be rotated was identifi ed. These components were then rotated by the Varimax 
rotation (Fabrigar, MacCallum, Wegerner, & Strahan, 1999). In addition, the 
contents of items essentially matched the previous loadings of items within 
the three components (Eﬀ ort, Reward, and Overcommitment) (Siegrist, 1996). 
Items with loadings above 0.32 were assumed to load on a given component 
(Tabachnick & Fidell, 2001). The above methods of factor analysis using PCA, 
extraction method, rotation methods, and loading criterion were the same 
as those employed in previous studies that validated the Eﬀ ort-Reward 
Imbalance Questionnaire in Japanese (Tsutsumi, et al., 2001), Brazilian (Chor, 
et al., 2008), and Korean (Emu, et al., 2007). Data were analyzed using the Sta-
tistical Package for Social Science (SPSS) Version 17.0 (SPSS).
RESULTS
Table 1 shows the mean values, standard deviations, and range of each 
scale of the Eﬀ ort-Reward Imbalance Questionnaire for the sample. The 
sample had low work-related Reward scores, and the mean eﬀ ort-reward 
ratio was high (M = 1.48, SD = 0.61).
TABLE 1
MEAN SCORES, STANDARD DEVIATIONS, AND RANGE OF SCORES FOR THE THREE SCALES (N = 96)
Scale M SD Range
Eﬀ ort 15.3 4.4 8.0–27.0
Reward 21.3 8.7 10.0–46.0
Over-commitment 13.7 3.5 8.0–22.0
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Intercorrelations between the Eﬀ ort-Reward Imbalance Question-
naire items indicated many correlation coeﬃ  cients above the threshold of 
.30, which is considered adequate. The Kaiser-Meyer-Oklin value of 0.76 
exceeds the minimum suggested value of 0.60. Barlett’s test of sphericity 
was signifi cant (p < .001) (Pallant, 2001). 
Internal consistency was assessed by item-total correlations and Cron-
bach’s α coeﬃ  cients for the Eﬀ ort-Reward Imbalance Questionnaire scales 
are given in Table 2. All item-total correlations were above 0.3 and all the 
Cronbach’s α coeﬃ  cients were higher than 0.7, suggesting considerable 
consistency of items contributing to their respective scales. The test-retest 
reliability/stability assessment as measured by the intra-correlation coef-
fi cient (ICC) was high (Table 2), refl ecting good reliability.
The principal component analysis identifi ed six components with 
Eigenvalues >1, which explained 26.3%, 14.2%, 10.3%, 6.1%, 5.1%, and 
4.4% of the variance, respectively. The scree plot showed a break after the 
third component. In addition, the content of items matched the loadings 
of items within three components as reported in the original theoretical 
model of Siegrist (1996), so only the fi rst three components were retained 
for the Arabic Eﬀ ort-Reward Imbalance Questionnaire for rotation by the 
Varimax method.
According to the Varimax rotation (Table 3), 50% of the variance was 
explained by the three major rotated components. Eﬀ ort items (ERI1–
ERI6) loaded on the second component and accounted for 16% of variance. 
Reward items (ERI7–ERI14) loaded on the fi rst component and accounted 
for 22% of variance. Overcommitment items (OC1–OC6) loaded strongly 
on the third component and explained 13% of the variance. Items ERI9 
and OC1 had additional loadings on a second component. 
DISCUSSION
The results of this preliminary psychometric study indicated that the 
internal consistency and test-retest reliability of the Arabic version of the 
Eﬀ ort-Reward Imbalance Questionnaire were satisfactory, and its factor 
structure was consistent and refl ected the theoretical components of the 
eﬀ ort-reward imbalance model well. 
It was noted that the mean eﬀ ort-reward ratio was high (ER ratio = 
1.48) when compared to the large-scale Whitehall study using the Eng-
lish version of the Eﬀ ort-Reward Imbalance Questionnaire (ER ratio = 
0.44) (Siegrist, et al., 2004), and the study where participants were teach-
ers (ER ratio = 0.70) (Bellingrath, Weigl, & Kudielka, 2008). However, the 
ER ratio obtained for this study was comparable to that reported in Ara-
bic hospital workers (ER ratio = 1.21) (Devreux, et al., 2012). The results 
of this study suggest that Jordanian workers have higher work stress and 
lower job satisfaction than workers in other nations. Additional research is 
23-PR_Almadi_130025.indd   280 04/11/13   7:28 PM
ARABIC EFFORT-REWARD IMBALANCE QUESTIONNAIRE 281
recommended to explore the moderators (baseline variables of age, gender, 
and occupational type) of the work-stress relationship (high eﬀ ort-reward 
ratio) and its long-term health eﬀ ects on workers in Jordan.
In ternal consistency reliability of the Arabic Eﬀ ort-Reward Imbalance 
Questionnaire scales was satisfactory and reliability/stability assessment 
was high. The PCA indicated that the Arabic Eﬀ ort-Reward Imbalance 
TABLE 2
ITEM-TOTAL CORRELATIONS AND CRONBACH’S α COEFFICIENTS FOR THE ARABIC EFFORT-REWARD 
 IMBALANCE QUESTIONNAIRE (N = 96), WITH SUMMARY ITEM CONTENT
Scale Item Item–totalCorrelations
Cronbach’s α = .82, test-retest ICC = .86 (95%CI = .80, .90)
Eﬀ ort
 ERI 1: constant time pressure .65
 ERI 2: interruptions and disturbances .68
 ERI 3: a lot of responsibility .59
 ERI 4: pressured to work overtime  .51
 ERI 5: physically demanding .53
 ERI 6: increasingly demanding .67
Cronbach’s α = .88, test-retest ICC = .87 (95%CI = .81, .91)
Reward
 ERI 7: receive respect from superiors .56
 ERI 8: receive respect from colleagues .42
 ERI 9: supported in diﬃ  cult situations .67
 ERI 10: treated unfairly .61
 ERI 11: poor job promotion prospects .76
 ERI 12: expecting undesirable change .64
 ERI 13: poor employment security .57
 ERI 14: position adequately refl ects education and training .50
 ERI 15: receive deserved respect and prestige .71
 ERI 16: considering eﬀ ort, adequate promotion prospects .57
 ERI 17: considering eﬀ ort, adequate salary/income .48
Cronbach’s α = .74, test-retest ICC = .92 (95%CI = .88, .95)
Over–commitment
 OC 1: overwhelmed by time pressures at work .32
 OC 2: think about work as soon as get up in morning .64
 OC 3: at home, able to relax and “switch oﬀ ” work .44
 OC 4: people say I sacrifi ce too much for job .33
 OC 5: work on my mind at bedtime .48
 OC 6: deferred work task leads to trouble sleeping .65
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Questionnaire items load on six components with eigenvalues above 1.0, 
the fi rst three of the six components explained 50% of the variance, and the 
next three components explained 15%. The fi rst three components were 
extracted, and the Varimax rotation indicated that the Reward, Eﬀ ort, 
and Overcommitment items loaded strongly on Components 1, 2, and 3, 
respectively. This factor solution of the Arabic Eﬀ ort-Reward Imbalance 
Questionnaire was consistent with the eﬀ ort-reward imbalance model as 
well as with validations of Chinese, Korean, and Thai language versions 
(Li, et al., 2005; Eum, et al., 2007; Buapetch, et al., 2008).
TABLE 3
VARIMAX ROTATION OF THREE-FACTOR SOLUTION FOR THE ARABIC VERSION OF EFFORT-REWARD 
 IMBALANCE QUESTIONNAIRE
Item Component One Component Two Component Three Communalities h 2 
ERI 1 .15 .79 .14 .66
ERI 2 .17 .79 .14 .67
ERI 3 .09 .74 –.19 .59
ERI 4 –.20 .67 .22 .54
ERI 5 .04 .64 .11 .42
ERI 6 .09 .73 .04 .54
ERI 7 .64 .02 .12 .43
ERI 8 .54 .05 –.17 .32
ERI 9 .69 .31 .09 .59
ERI 10 .65 .25 .11 .49
ERI 11 .79 .20 .08 .67
ERI 12 .70 .12 .16 .53
ERI 13 .69  –.11 .01 .49
ERI 14 .54 .08 .29 .38
ERI 15 .81 –.04 .05 .65
ERI 16 .69 –.11 0.02 .49
ERI 17 .54 .16 .19 .35
OC 1 .23 .37 .40 .35
OC 2 .10 .06 .79 .64
OC 3 .15 .20 .57 .39
OC 4 .09 .16 .45 .24
OC 5 .03 .16 .73 .56
OC 6 .02 .08 .82 .68
h2 6.05 3.26 2.36 11.67
% of Variance   26.30   14.20   10.30 50.80
Note.—Loadings with an absolute value > .30 are in boldface. Item OC1 has a notable cross-
loading (italics).
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While the factorial pattern of the scales (Eﬀ ort, Reward and 
Overcommitment) was clearly refl ected in PCA, an interesting exception 
was observed concerning Reward Item OC1 (overwhelmed by pressure), 
which loaded equally on the Eﬀ ort and Overcommitment components. 
Interestingly, OC1 loaded in the same way in both the Chinese and 
Korean validation studies (Li, et al., 2005; Eum, et al., 2007), suggesting the 
possibility that the item may not transfer well to other languages. However, 
a re-run of the factor analysis of the questionnaire, after removal of item 
OC1, did not aﬀ ect the questionnaire in terms of number of components, 
structure, or other items’ loadings, which may indicate that OC1 could be 
evenly construed as an Eﬀ ort or Overcommitment item. The problem with 
OC1was not reported in the English version of Eﬀ ort-Reward Imbalance 
Questionnaire; Overcommitment items were consistently found to load 
highly on one component in many studies using the English version 
as reported by Siegrist (2004). Similarly, the Eﬀ ort and Reward items 
of the English version loaded strongly on separate components. In the 
communalities analysis, some items did not reach the cut-oﬀ  point of 0.40 
(Tabachnick & Fidell, 2001), although there was not a need to eliminate 
those items or repeat the component analysis, since all of those items 
loaded in their proposed latent component. According to Child (2006, 
p. 47), it was not recommended to eliminate the item from the analysis 
unless the item’s communality was less than 0.2. None of the Arabic 
Eﬀ ort-Reward Imbalance Questionnaire items’ communalities were less 
than 0.24.
A strength of this study was the translation process, which involved 
a broad range of translators with diﬀ erent backgrounds (academic and 
health) to provide a balanced treatment of linguistic and cross-cultural 
considerations (Hambleton, 1994; van de Vivjer & Hambleton, 1996). 
In addition, the use of informal language was encouraged in the trans-
lation process. Married couples were engaged to translate, who in gen-
eral tended to use the informal, relaxed conversational language in their 
own home. Notably, in a translation process, it is diﬃ  cult to eliminate 
the infl uence of cultural diﬀ erences on both the experience of stress and 
responses to it: in Item OC1, the translation of the term “time pressure” 
in the original English version became “work pressure” in the back-
translation from Arabic to English; the term “overwhelmed” is used only 
to express an emotion in the Arabic culture. To overcome this diﬃ  culty, an 
explanation was added to indicate that the item was about the subject’s 
feeling of not being able to carry out the required work in a set time. For 
another example, the Arabic translation of Item ERI13 “My job security 
is poor” has two diﬀ erent meanings in Arabic: as both “job security” 
or “physical protection of the work place provided for the employees,” 
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and the latter meaning is more prevalent in Arabic culture. Thus, a short 
explanation was added to indicate that the item was about continuation of 
the position. Although the back-translation of Item ERI9 agrees with the 
original English version, it is not clear why Item ERI9 loaded equally on 
both the Eﬀ ort and Reward components. 
Although the sample was relatively small, it was comparable to that of 
the Japanese validation study (Tsutsumi, et al., 2001), and larger than that 
of the Brazilian study (Chor, et al., 2008). Future studies should use larger 
samples to enable confi rmatory factorial analysis of the questionnaire, in 
addition to examining discriminate validity. This sample consisted mostly 
of schoolteachers, who have a middle class socioeconomic status within 
the Jordanian community. It is not clear to what extent the Arabic Eﬀ ort-
Reward Imbalance Questionnaire results can be generalized to lower or 
higher socioeconomic groups or other types of work. 
It is worth mentioning that there was a relatively high failure rate 
of returning the second questionaries (32%) from female participants. 
However, no obvious reasons or major changes or sudden accidents were 
recorded that may have aﬀ ected the work environment during the two 
study weeks beginning September 2009. The demographics (job type and 
mean age) were similar for the women who completed the evaluations 
and those who dropped out in the second evaluation. Any self-selective 
bias among the women completing the questionnaires twice cannot be 
ruled out.
Conclusion
The Arabic Eﬀ ort-Reward Imbalance Questionnaire has satisfactory 
psychometric properties as the results are in line with with those available 
from studies testing translations into other languages. The Arabic version 
of the questionnaire is appropriate for evaluation of work stress among 
Arabic-speaking employees. 
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APPENDIX A
ENGLISH VERSION EFFORT–REWARD IMBALANCE QUESTIONNAIRE
The following items refer to your present occupation. For each of the following state-
ments, please indicate to what degree it refl ects your situation. Thank you for answering all 
statements!
Please indicate to what extent you personally agree or disagree with these statements. 
Thank you for answering all statements.
Eﬀ ort Items
Disagree Agree,
I am not 
at all dis-
tressed.
Agree,
I am 
somewhat 
distressed.
Agree,
I am dis-
tressed.
Agree,
I am very
distressed.
1 I have constant time 
pressure due to a 
heavy work load.
2 I have many inter-
ruptions and distur-
bances in my job.
3 I have a lot of respon-
sibility in my job.
4 I am often pressured 
to work overtime.
5 My job is physically 
demanding.
6 Over the past few 
years, my job has 
become more and 
more demanding.
Reward Items
Agree Disagree,
I am not 
at all dis-
tressed.
Disagree,
I am 
somewhat 
distressed.
Disagree,
I am dis-
tressed.
Disagree,
I am very 
distressed.
Not appli-
cable (no 
superiors 
or no col-
leagues)
7 I receive the respect 
I deserve from my 
superiors.
8 I receive the respect I 
deserve from my col-
leagues.
9 I experience adequate 
support in diﬃ  cult 
situations.
Disagree Agree, but 
I am not 
at all dis-
tressed.
Agree, 
and I am 
some-
what dis-
tressed.
Agree, 
and I 
am dis-
tressed.
Agree, 
and I am 
very
distressed.
10 I am treated unfairly 
at work.
(continued on next page)
Note.—R = Reverse-scored item. Source: Siegrist, Starke, Chandola, Godin, Marmot, 
 Niedhammer, et al. (2004).
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APPENDIX A (CONT’D)
ENGLISH VERSION EFFORT–REWARD IMBALANCE QUESTIONNAIRE
Disagree Agree, 
but I am 
not at 
all dis-
tressed.
Agree, 
and I am 
some-
what dis-
tressed.
Agree, 
and I 
am dis-
tressed.
Agree, 
and I am 
very dis-
tressed.
11 My job promotion 
prospects are poor.
12 I have experienced 
or I expect to experi-
ence an undesirable 
change in my work 
situation.
13 My job security is 
poor.
Agree Disagree, 
but I am 
not at 
all dis-
tressed.
Disagree, 
and I am 
some-
what dis-
tressed.
Disagree, 
and I 
am dis-
tressed.
Disagree, 
and I am 
very dis-
tressed.
14 My current occupa-
tional position ade-
quately refl ects my 
education and train-
ing.
15 Considering all my 
eﬀ orts and achieve-
ments, I receive the 
respect and prestige I 
deserve at work.
16 Considering all my 
eﬀ orts and achieve-
ments, my job pros-
pects are adequate.
17 Considering all my 
eﬀ orts and achieve-
ments, my salary/
income is adequate.
Over-commitment StronglyDisagree
Disagree Agree Strongly
Agree
18 I get easily over-
whelmed by time 
pressures at work. 
19 As soon as I get up 
in the morning I start 
thinking about work 
problems.
(continued on next page)
Note.—R = Reverse-scored item. Source: Siegrist, Starke, Chandola, Godin, Marmot, 
 Niedhammer, et al. (2004).
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ENGLISH VERSION EFFORT–REWARD IMBALANCE QUESTIONNAIRE
Over-commitment
Strongly
Disagree
Disagree Agree Strongly
Agree
20 When I get home, I
can easily relax and 
‘switch oﬀ ’ work. (R)
21 People close to me 
say I sacrifi ce too 
much for my job.
22 Work rarely lets me 
go; it is still on my 
mind when I go to 
bed.
23 If I postpone some-
thing that I was sup-
posed to do today I’ll 
have trouble sleeping 
at night.
Note.—R = Reverse-scored item. Source: Siegrist, Starke, Chandola, Godin, Marmot, 
 Niedhammer, et al. (2004). 
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Abstract
The study aimed to establish the association of work stress, expressed as effort-reward imbalance (ERI), and C-reactive
protein (CRP) in 152 healthy Jordanian male employees. Self-report work stress, anthropometric data, and blood for CRP
analysis were collected. A significant correlation between ERI and CRP (r = 0.29, p < .01), and between waist circum-
ference with CRP (r = 0.44, p < .01) was found. Central obesity explained most of the variance in CRP after controlling
for various covariates, and ERI was not a significant predictor of CRP (DR2 = 0.02; b = 0.15, p = .052). However, when
only the centrally obese group was considered, ERI accounted for 5.0% of the variability in the CRP (b = 0.24, p < .05).
Results of this study confirm previous findings that obesity is significantly associated with CRP, and support the notion
that higher ERI amongst obese workers is one small but significant predictor of increased levels of CRP.
Descriptors: Biochemical, Psychopathological
Physiological factors (obesity, low physical activity, or smoking)
and psychological stress may contribute to inflammation with
increased levels of inflammatory markers such as C-reactive
protein (CRP) (Bellingrath, Weigl, & Kudielka, 2009; Geffken
et al., 2001; Ohsawa et al., 2005; Visser, Bouter, McQuillan,
Wener, & Harris, 1999). Notably, chronic stress was significantly
associated with higher CRP among subjects with central obesity,
suggesting that obese subjects may have an increased vulnerability
to manifesting a higher degree of inflammation (Dixon et al., 2008;
Shen, Farrell, Penedo, Schneiderman, & Orth-Gomer, 2010).
Chronic inflammation contributes to the pathogenesis of cardiovas-
cular disease (CVD) (Ridker, Cushman, Stampfer, Tracy, & Hen-
nekens, 1997), coronary heart disease (Koenig et al., 1999), type 2
diabetes (Han et al., 2002), and metabolic syndrome (Laaksonen
et al., 2004). It is well established that CRP is strongly associated
with and predicts CVD independently of physiological risk factors
(Suarez, 2004).
Considerable theoretical attention has been paid in recent
years to the role of psychosocial stress in the development of
chronic inflammation. Black (2002) hypothesized that repeated
episodes of acute or chronic stress can lead to a chronic inflam-
matory process that in turn is implicated in cardiovascular meta-
bolic disorders. According to Black’s hypothesis, stress can
induce an inflammatory process called the acute phase response
that prepares the body to deal with injury, infection, and psycho-
logical stress. The acute phase response is characterized by the
production of proinflammatory cytokines, which are the inducers
of acute phase proteins such as CRP (Gabay & Kushner, 1999).
The work stress effort-reward-imbalance (ERI) model was
introduced by Siegrist (1996) to provide a framework for exam-
ining work stress and its contribution to the development of
disease. In the ERI model, effort is reciprocated by socially
defined rewards. Efforts represent job demands and/or obligations
that are imposed on the employee, while rewards include money,
esteem, job security, and career opportunities. A lack of reciproc-
ity between effort and reward at work (i.e., high effort and low
reward) leads to a state of emotional stress (distress) and ill-
health. In addition, the model assumes that distress will be higher
in highly overcommitted employees than less overcommitted
employees.
Little attention has been given to the effect of chronic work
stress in a normal work environment on the inflammatory process
in healthy men. There have been only a few studies that investi-
gated the association between ERI and CRP. A cross-sectional
study of German school teachers with high ERI showed signifi-
cantly higher CRP compared to teachers with low ERI (Bellingrath
et al., 2009). Furthermore, individuals with a high ERI had an
increased plasma level of CRP following a mental stress task com-
pared to those with a low ERI (Hamer et al., 2006). In this current
field study of a Jordanian cohort, we collected data on work stress
(ERI and overcommitment), as well as data with a possible impact
on work stress and CRP association including age (Wener, Daum,
& McQuillan, 2000), smoking, perceived stress (McDade,
Hawkley, & Cacioppo, 2006), physical activity (Kasapis & Thomp-
son, 2005), sleep (Okun, Coussons-Read, & Hall, 2009), blood
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pressure (Blake, Rifai, Buring, & Ridker, 2003), and biochemical
indices of glucose and lipids (Fröhlich et al., 2000).
This study sought to answer the following questions: (a) Does
chronic work stress measured by ERI predict an increase in the
inflammatory marker, CRP; and (b) Does accompanying central
obesity predict a greater degree of inflammation? The study-
specific hypotheses are: ERI is positively associated with CRP, and
centrally obese workers show a stronger association between ERI
and CRP than nonobese workers.
Methods
Participants
Healthy Jordanian male workers (n = 264) were recruited from
the veterinary, agricultural, textile, and poultry industries. Self-
reported questionnaires were used to exclude all cases with physi-
cal or psychological conditions known to influence CRP plasma
levels (Gabay & Kushner, 1999; Maes et al., 1997). Subjects were
encouraged to seek information from their family physician or the
study physician if they were in doubt about these conditions.
Nineteen subjects were excluded based on their medical condi-
tions, which included inflammatory diseases, CVD, previous
stroke, rheumatic disease, liver disease, viral or recent infection,
connective tissue disease, peripheral blood disease, tumor, neuro-
logical and endocrine disease, recent injury or surgical operation,
and mental or psychological problems. The study excluded all
subjects taking medications including those with effects on the
inflammatory response, cholesterol-lowering agents, steroids,
reductase inhibitors (statins), nonsteroidal anti-inflammatory drugs
(NSAIDs) or analgesic medications, antidepressants, sedatives,
antipsychotic medications, and hormone and hormone-related
therapy (Elgharib, Chi, Younis, Wehbe, & Krishnaswamy, 2003;
Ridker et al., 1997; Ridker, Rifai, Pfeffer, Sacks, & Braunwald,
1999).
Demographic Data
Data on age, race, work characteristics (full-time/part-time, night/
day shift), smoking status, and alcohol intake were collected using
self-reported questionnaires.
Study Questionnaires
Four questionnaires were administered to subjects: (1) work stress
related to ERI and work overcommitment (Siegrist, 1996); (2)
Perceived Stress Scale (PSS) (Cohen, Kamarck, & Mermelstein,
1983); (3) the short version International Physical Activity Ques-
tionnaire (IPAQ) (Craig et al., 2003); and (4) the Pittsburg Sleep
Quality Index (PSQI) (Buysse, Reynolds, Monk, Berman, &
Kupfer, 1989). The official Arabic version of IPAQ and its scoring
system are available at the IPAQ web site (www.ipaq.ki.se). The
PSS, ERI, and PSQI have undergone a translation process that was
examined for factorial structure, and tested for reliability. The
translation and validation process for these questionnaires are
described in separate reports and have been submitted for
publication.
Work stress was measured by the Arabic translated version of
the ERI questionnaire, with an internal reliability as measured by
Cronbach’s alpha coefficient of 0.85. The ERI contains 17 items:
“effort” with 6 items and “reward” with 11 items. Items on the
effort scale were answered in two steps. First, participants agreed
or disagreed whether the item content reflected their typical work
situation. Those who agreed that it was typical were also asked to
evaluate the extent to which these conditions produced distress
using a 4-point rating scale, with higher scores indicating higher
distress. The 11 items measuring reward are framed similarly, but
the coding is reversed, so that a lower summary score for reward
indicates a higher subjective rating of distress due to low reward.
The overall ERI score was calculated as effort divided by reward;
a score of one represents a balance of effort and reward, whereas
higher scores reflect a perceived disproportionate effort. In addi-
tion, participants were asked to respond to six additional questions
on work overcommitment scored on a 4-point scale and with a total
score range of 0–24. A higher overcommitment score indicates
high-risk conditions for physical or mental disorders (Van Vegchel,
de Jonge, Bosma, & Schaufeli, 2005). Perceived stress was
assessed by an Arabic translated version of PSS-14 (Cronbach’s
alpha coefficient = 0.68). The scale has 14 items related to the level
of perceived stress experienced over the previous month and meas-
ures the degree to which situations in a person’s life are perceived
as stressful. Each item is answered on a 5-point response giving a
scale range of 0–56, with a high score representing a high perceived
stress level (Cohen et al., 1983). Participants were asked to answer
questions regarding their physical activity level using the validated
Arabic version of the IPAQ. The questionnaire contains items
about physical activity patterns over the previous week in four
domains: work, home, leisure, and travel. IPAQ provides a score of
energy expenditure expressed as MET-min/week, computed by
multiplying the metabolic equivalent (MET) intensity of the
activity ¥ the number of minutes per week the activity was per-
formed. A MET is defined as the number of calories consumed by
an individual per minute in an activity relative to the basal meta-
bolic rate. Therefore, one MET is the energy consumption of that
individual while at complete rest. Based on this MET-min/week
calculation, the IPAQ allows classification of subjects’ physical
activity level into three categories: low (less than 600 accumulated
over a week), moderate (between 600 and 1500 accumulated over
a week), and high (more than 1500 accumulated on 3 days, or more
than 3000 accumulated over a week). Sleep quality was measured
by an Arabic translated version of the PSQI (Cronbach’s alpha
coefficient = 0.66). The scale is a 19-item questionnaire about sleep
quality in the previous month. Subscale scores of 0 to 3 were
generated for seven components: sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleep
medications, and daytime dysfunction. The sum of responses of all
seven components yields a global score of sleep quality. A subject
with a global PSQI score greater than 5 is considered to be a poor
sleeper, while a subject with a value less than 5 is considered to be
a good sleeper (Buysse et al., 1989). In the analyses of this study,
the global PSQI score was used as a continuous variable.
Physiological and Biochemical Measurements
Following an overnight fast, subjects attended a private room at
their worksites between 6.30 am to 8.30 am. Subjects were seated
for at least 5 min before blood pressure was measured with a
standard mercury sphygmomanometer. Weight and height were
measured with a calibrated balance beam scale and stadiometer,
respectively. The waist circumference was obtained by measuring
at the narrowest point of the abdomen, between the lower costal
(tenth rib) and the iliac crest, using a flexible nonelastic measuring
tape. Body mass index (BMI) was calculated as mass (kg) divided
by height squared (m2). Fasting venous blood samples were then
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collected in plain tubes and centrifuged at 1500 g for 10 min at
room temperature, and the serum samples were frozen at -20°C
until assayed. High-sensitivity CRP was determined with an auto-
mated Roche Diagnostics modular analyzer (Roche, Switzerland),
using a particle-enhanced immunoturbidimetry method with a
measuring range of 0.085–1600 mg/L. Blood glucose and blood
lipid profile (total cholesterol, high-density lipoprotein, triglycer-
ides, and low-density lipoprotein) were determined with an
Accent 200 automated chemistry analyzer (PZ Cormay S.A.,
Poland) using an enzymatic kit (Randox, UK). Data collection and
blood analysis were performed during the period of September to
October 2007.
Statistical Analyses
Subjects with CRP levels of 10 mg/L or more were excluded
(n = 25) from the analysis, as such values were likely to be related
to acute infections or other acute inflammatory conditions (Ford
et al., 2003; Jialal, Devaraj, & Venugopal, 2004). Additionally,
participants (n = 87) with missing data for one or more study
parameters were excluded. Thus, data from 152 subjects were used
in the final analysis. The distributions of CRP and triglycerides
were skewed and therefore log-transformed before analysis.
All of the analyses were conducted with SPSS (IBM, SPSS
version 17). Descriptive statistics were determined and t tests were
used to compare the means of the main variables for the high ERI
group (ERI > 1) and the low effort group (ERI  1), and the inter-
correlations between CRP and all study variables were examined.
Hierarchical linear regressions were used to examine the relation-
ship between ERI and CRP for the whole study population and
were repeated separately for the obese and nonobese subgroups.
The following covariates were used in the regression analyses as
they showed an association with the inflammatory factor, CRP:
waist circumference, age, glucose, cholesterol, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and
blood pressure. Statistical significance was accepted at p < .05, and
descriptive results are expressed as mean SD.
Results
The mean age of the 152 male Jordanian workers was 35.3 8.9
years with a high proportion (71.9%) aged between 26 and 45. In
this cohort, 75.2% were blue-collar workers (factory manual
workers), 87.6% worked for private companies, and 98.7% were
full-time workers. Table 1 shows the psychological, physical,
physiological, and biochemical characteristics among Jordanian
male workers. The mean BMI was 26.8  3.8 kg.m-2. According
to the World Health Organization’s definition of obesity
(30  BMI < 40 kg.m-2) (WHO, 2004), 22.2% of the sample were
obese. According to the International Diabetes Federation (2005),
51% of the sample satisfied the criteria of high waist circumference
of  94 cm, and 11.1% satisfied the criteria of raised blood pres-
sure (systolic BP > 130 or diastolic BP > 85 mmHg or currently
taking medication for previously diagnosed hypertension). Accord-
ing to IPAQ, 58.7% had a low physical activity level. The PSQI
indicated that 47.4% were classified as poor sleepers (PSQI > 5).
The data revealed 49.7% were active smokers, and none took
alcohol. In addition, the median for triglycerides was 120 mg/dL
and the interquartile range was 87–198 mg/dL, while the values for
CRP were 2.04 mg/L and 1.13–4.66 mg/L, respectively.
Work Stress and CRP
The log-transformed CRP (CRP log) showed a significant correla-
tion with ERI (Table 2). When the workers were divided into high
stress (ERI > 1, n = 108) and low stress (ERI  1, n = 44), the
values for CRP were 3.38 ( 2.26) mg/L and 2.54 ( 2.22) mg/L,
respectively, and were significantly different for the two groups
(p < .05). CRP log was positively correlated with age, BMI, waist
circumference, hypertension, glucose, cholesterol, and triglycer-
ides, but negatively correlated with HDL (Table 2).
Table 3 shows the hierarchical linear regression of CRP. In Step
1, all covariates of CRP were entered including age, hypertension,
waist circumference, fasting blood glucose, cholesterol, HDL, and
triglycerides. These variables explained a significant proportion of
variance in CRP with R2 = 0.245 (standard error of the estimate,
SEE = 0.78; F(1,151) = 6.74, p < .01). In Step 2, ERI ratio was
forced in the regression analysis in addition to all covariates of
CRP and, as a result, the whole model was not a significant pre-
dictor of CRP (R2 = 0.265; SEE = 0.77; F(1,151) = 3.85, p = .052).
ERI alone did not significantly predict CRP (DR2 = 0.020, b = 0.15;
t(151) = 1.96, p = .052). However, this analysis demonstrated that
the strongest predictor of CRP was waist circumference. For the
measures of obesity, BMI, and waist circumference, we applied
Table 1. Psychological, Physical, Physiological, and Biochemical
Characteristics of Jordanian Male Workers (n = 152)
Mean (SD)
Effort/rewards ratio 1.24 (0.41)
Overcommitment 14.5 (3.5)
Perceived stress 25.8 (6.3)
Age (year) 35.4 (9.0)
Body mass index (kg.m-2) 26.8 (3.8)
Waist circumference (cm) 93.0 (11.4)
Physical activity (MET-min/week) 1136 (1741)
Sleep quality 5.10 (2.53)
Fasting blood glucose (mg/dL) 89.6 (12.0)
Cholesterol (mg/dL) 187.3 (37.3)
High-density lipoprotein (mg/dL) 43.2 (9.4)
Low-density lipoprotein (mg/dL) 112.7 (30.9)
Triglycerides (mg/L) 146.9 (82.4)
CRP (mg/L) 3.14 (2.58)
Table 2. Correlations Between CRP log with Physical,
Physiological, and Biochemical Variables
CRP log p value
Effort/reward ratio 0.294 <.01
Perceived stress -0.049 ns
Overcommitment -0.060 ns
Age (year) 0.264 <.01
BMI (kg.m-2) 0.430 <.01
Waist circumference (cm) 0.441 <.01
Hypertension (yes/no) 0.231 <.01
Smoking (yes/no) -0.096 ns
Physical activity (MET-min/week) -0.017 ns
Sleep quality -0.041 ns
Fasting blood glucose (mg/dL) 0.248 <.01
Total cholesterol (mg/dL) 0.193 <.01
Triglycerides-log (mg/dL) 0.249 <.01
High-density lipoprotein (mg/dL) -0.161 <.01
Note. ns = not significant.
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waist circumference in the linear regression analysis but not BMI to
avoid colinearity, since both measures were highly correlated
(r = 0.83) and related.
In a separate analysis, the above hierarchical linear regression
was repeated using data only from subjects with central obesity
(waist circumference  94 cm; n = 78). The data showed that only
ERI, and not other variables, were significantly associated with
CRP, accounting for 5.0% of the variability in the CRP (b = 0.241;
t(78) = 2.161, p = .034). On the other hand, when only subjects
without central obesity (waist circumference < 94 cm, n = 74) were
analyzed, waist circumference and not ERI or any other variable
was significantly positively associated with CRP (b = 0.369;
t(74) = 2.733, p < 0.01).
Discussion
The key finding of this study is that work stress as measured by ERI
as well as obesity measures (BMI and waist circumference), bio-
chemical indices (cholesterol, triglycerides), and hypertension
were significantly correlated with CRP. Central obesity explained
most of the variance in CRP after controlling for other covariates.
To our knowledge, this is the first study that has reported the CRP
values for Jordanians. The median value of CRP agreed with that
reported for a large American cohort, the Framingham Heart Study
(Wilson et al., 2008). The strong association between waist circum-
ference and CRP found in this study confirms previous such find-
ings (Huffman, Whisner, Zarini, & Nath, 2010), and suggests that
at least half of the current Jordanian cohort may be at risk of
metabolic syndrome, since visceral obesity also predicts the meta-
bolic syndrome (Han et al., 2002). The physiological basis for the
association of ERI and CRP hinges upon the relationship between
proinflammatory cytokines, CRP, and stress that is attended by the
hypothalamic-pituitary-adrenal (HPA) and sympathetic axes. This
system stimulates an increased production of proinflammatory
cytokines (Black, 2002), which have been associated with a
number of psychosocial stressors including symptoms of depres-
sion, posttraumatic stress disorder, and caregiving for a spouse with
dementia (Kiecolt-Glaser et al., 2003; Lutgendorf et al., 1999).
The current results are compatible with the hypothesis that, at
least in part, the association of ERI with CRP is due to the medi-
ating role of risk factors, in particular, visceral obesity. We found
that when considering only subjects with central obesity, ERI was
significantly associated with CRP and accounted for 5.0% of its
variability. When considering subjects without central obesity, ERI
was not significantly associated with CRP. Our findings implicate
work stress as an added stressor in obese individuals that may
augment the degree of inflammation and future risk of metabolic
syndrome. Further, it is noted that central fat secretes proinflam-
matory cytokines (Kern, Ranganathan, Li, Wood, & Ranganathan,
2001). These proinflammatory cytokines not only induce CRP pro-
duction by the liver (Papanicolaou, Wilder, Manolagas, &
Chrousos, 1998), but also stimulate the HPA axis and activate
cortisol secretion (Mastorakos, Weber, Magiakou, Gunn, &
Chrousos, 1994). Therefore, proinflammatory cytokines play a
critical role in the development of risk factors of metabolic syn-
drome such as glucose intolerance and dyslipidemia (Pickup,
Mattock, Chusney, & Burt, 1997).
Generally, participants in the present study who displayed a
high ERI showed an elevated CRP without any study provocation.
These results have provided evidence that low-grade inflammation
was predicated by work stress and lend support to previous find-
ings, which found that men with higher ERI demonstrated greater
CRP responses when subjected to mental stress tasks (Hamer et al.,
2006). However, these authors did not find a relationship between
ERI and CRP at baseline. Their study subjects were healthy, non-
smokers of younger age, with a healthier BMI than the current
study. Most importantly, they experienced less work stress (ERI)
when compared with the current study’s subjects. Furthermore, the
current study did not involve additionally imposed mental stress
tasks. Since work occupies a large portion of our lives, chronic
work-related stress could have a negative impact on our health, and
is an added health risk in the presence of obesity. Evidence pro-
vided in this study for an association between CRP and work stress
in apparently healthy individuals without known diseases supports
the notion that work stress mediates an inflammatory process,
which predisposes susceptible individuals to CVD and metabolic
syndrome. Additionally, the current findings highlight the impor-
tance of evaluating the role of psychological stress especially in
overweight and obese workers and those in the early stages of
CVD, and for occupational health bodies to adopt CRP as a bio-
chemical measure to determine the impact of work stress on the
general worker. One limitation of this study lies with its relatively
small sample size, although it is larger than some other studies of
psychosocial factors and CRP (McDade et al., 2006; Suarez, 2004).
We were also able to replicate many of the known associations with
CRP (e.g., BMI, waist circumference, age, glucose, and lipids). A
further limitation was that only one inflammatory marker (CRP)
was examined, although other inflammatory markers are similarly
predictive of diseases and play a role in CVD development
(Pearson et al., 2003). However, CRP is considered to be the
Table 3. Hierarchical Linear Regression of CRP log
Step 1 Step 2
B  SEE b B  SEE b
Age 0.005 0.008 0.05 ns 0.005 0.008 0.06 ns
Waist circumference (cm) 0.024 0.007 0.04** 0.021 0.007 0.28*
Hypertension (yes/no) 0.347 0.212 0.13 ns 0.258 0.215 0.09 ns
Fasting blood glucose (mg/dL) 0.008 0.006 0.11 ns 0.006 0.006 0.09 ns
Total cholesterol (mg/dL) 0.003 0.003 0.14 ns 0.003 0.003 0.12 ns
Triglycerides (mg/dL) -0.021  0.155 -0.02 ns -0.004  0.154 -0.01 ns
High-density lipoprotein (mg/dL) -0.011  0.009 -0.12 ns -0.011 0.009 -0.11 ns
Effort/reward ratio 0.324 0.166 0.15*
R2 0.245** 0.265 ns
Notes. b = standardized coefficients; B = unstandardized coefficients; SEE = standard error of the estimate; ns = not significant; DR2 = 0.020 for Step 2.
*p < .05. **p < .001.
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strongest predictor of future CVD and metabolic syndrome when
compared with other inflammatory markers. The strength of this
study is that it is the first field study that demonstrates a positive
relationship between work stress and the inflammatory marker
CRP in a Jordanian cohort, and reports the CRP values for a healthy
Jordanian working group. In summary, we found that work stress
predicts a small inflammatory response in a sample of overweight
or centrally obese Jordanian workers.
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Associations among work-related stress, cortisol, inflammation, and
metabolic syndrome
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Abstract
This cross-sectional study examined the relationship between work-related stress, cortisol, and C-reactive protein (CRP)
in predicting metabolic syndrome (MtS). Self-reported work stress measured by the effort reward imbalance ratio (ERI),
anthropometric data, CRP, and saliva cortisol were collected from 204 healthy Jordanian male workers. ERI and cortisol
were significantly associated with the presence of MtS (OR = 4.74, 95% CI: 2.13–10.55; OR = 3.03, 95% CI: 2.08–4.40;
OR = 11.50, 95% CI: 2.16–59.14, respectively). The odds of MtS in men with high ERI and high cortisol were
significantly higher than that of men with low ERI and low cortisol (OR = 11.50, 95% CI: 2.16–59.14). CRP was
significantly associated with MtS (OR = 2.51, 95% CI: 1.50–4.20). The odds of MtS were significantly higher in centrally
obese men with both high ERI and CRP level. Thus, high ERI along with high cortisol or high CRP increases the risk
for MtS, especially among centrally obese men.
Descriptors: Psychopathological, Biochemical
Work-related stress may adversely affect physical health (Leka &
Jain, 2010). Psychological stress in the workplace has mainly been
investigated through two theoretical models, the demand-control
(DC) model (Karasek, 1979; Karasek & Theorell, 1990) and the
effort-reward imbalance (ERI) model (Siegrist, 1996). The DC
model emphasizes task-level control, whereas the ERI model
emphasizes employee perception of effort-reward imbalance
(Tsutsumi & Kawakami, 2004). Effort-reward imbalance is a
serious form of psychological work-related stress, since workers
may feel undercompensated for their efforts. The ERI model has
advantages over the DC model in that ERI focuses on stressors
such as adequate payment, job security, job changes, and job pro-
motion prospects (Griep et al., 2009). A high level of ERI is asso-
ciated with components of metabolic syndrome (MtS), namely,
hypertension (Peter et al., 1998), high body mass index (BMI)
(Kivimaki et al., 2002), increased triglyceride level (Fan et al.,
2009), and high fasting glucose (Kumari, Head, & Marmot, 2004).
Stress activates two fundamental axes, the hypothalamus-
pituitary-adrenal (HPA) axis and the sympathomedullo-adrenal
(SMA) axis (Figure 1). Altered activity of both the HPA and SMA
axes predisposes an individual to increased risk of developing MtS
(Bjorntorp & Rosmond, 2000). However, these two axes act
through separate pathways, one through hypercortisolemia, and the
other through cytokines and inflammatory reactions (Bellingrath,
Weigl, & Kudielka, 2009; Black, 2003; Sternberg, Chrousos,
Wilder, & Gold, 1992; Yudkin, Stehouwer, Emeis, & Coppack,
1999).
The first pathway through hypercortisolemia involves increases
in cortisol levels. Elevated cortisol levels increase glucose produc-
tion within liver cells resulting in hyperglycemia. In addition,
increased cortisol levels inhibit insulin secretion from pancreatic
b-cells, as well as inhibit muscle glucose uptake. These effects lead
to impaired glucose tolerance and insulin resistance (Amatruda,
Livingston, & Lockwood, 1985). Cortisol also stimulates the
breakdown of stored triglycerides in the adipose tissue, resulting in
an increase in free fatty acids in the plasma. A higher level of free
fatty acids prevents the release of insulin, further worsening
glucose intolerance and insulin resistance. Density of cortisol
receptors is higher in intra-abdominal (visceral) fat than in other fat
deposits, and the activity of cortisol in fat accumulation is accen-
tuated in visceral adipose tissue (Bjorntorp & Rosmond, 2000;
Salehi, Ferenczi, & Zumoff, 2005), suggesting a mechanism by
which excessive cortisol causes further abdominal obesity (Qi &
Rodrigues, 2007).
The second pathway involves cytokines that induce acute phase
proteins, such as C-reactive protein (CRP) (Gabay & Kushner,
1999). CRP, one of the best characterized systemic inflammatory
biomarkers, may interfere with insulin signaling and downregulate
corticosteroid-binding globulin, resulting in increased free cortisol
levels and consequently insulin resistance as well as other mani-
festations of MtS (Hotamisligil et al., 1996).
Furthermore, proinflammatory cytokines inhibit lipoprotein
lipase activity and increase the concentration of nonesterified fatty
acids, contributing to dyslipidemia and insulin resistance (Perry,
Sattar, & Petrie, 2001). Central obesity amplifies the release of
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proinflammatory cytokines (Kern, Ranganathan, Li, Wood, &
Ranganathan, 2001). Notably, the relationship between stress and
inflammation markers (such as CRP) is observed mostly among
subjects with central obesity (Almadi, Cathers, Hamdan Mansour,
& Chow, 2012b; Shen, Farrell, Penedo, Schneiderman, &
Orth-Gomer, 2010).
High stress levels as measured by the ERI (Bellingrath et al.,
2009) and mood disturbance (Lutgendorf et al., 1999) induce low-
grade inflammatory responses with increased production of proin-
flammatory cytokines (Black, 2002). Subsequently, these cytokines
induce an increase in CRP production (Gabay & Kushner, 1999).
This increase in CRP is thought to contribute to the pathogenesis of
MtS (Laaksonen et al., 2004). Therefore, in this study, we sought to
explore the links between chronic work stress as measured by ERI
and the MtS through the stress marker cortisol and the inflamma-
tory marker CRP. These links are explored specifically in obese
subjects. The current study sought to answer the following ques-
tions: (a) Does ERI predict an increased likelihood of MtS and its
components? (b) Does ERI that is associated with a high level of
cortisol predict a greater likelihood of MtS and its components? (c)
Does ERI that is associated with a high level of CRP predict an
increased likelihood of MtS and its components? (d) Does the high
CRP in central obesity predict a greater likelihood of MtS com-
pared to noncentral obesity?
Method
Participants
Healthy Jordanian male workers (N = 264) were recruited from the
veterinary, agricultural, textile, and poultry industries. Screening
questionnaires were used to exclude all men with conditions known
to influence cortisol secretion and increase CRP plasma levels.
Excluded conditions included physical and endocrine abnormality,
depression or other mental and psychiatric conditions, substance
abuse, inflammatory diseases, CVD, previous stroke, rheumatic
disease, diabetes mellitus, liver disease, viral or recent infection,
connective tissue disease, peripheral blood disease, tumor, neuro-
logical and endocrine disease, and recent injury or surgical opera-
tion. We also excluded all male workers on steroid-based
medications, hormone or hormone-related therapy, cholesterol-
lowering agents, antidepressants, psychotropic medications, or on
any medications or drugs that can affect cortisol or lipid levels.
Finally, subjects were also excluded if they were taking medica-
tions that affected inflammatory response, reductase inhibitors
(statins), nonsteroidal antiinflammatory drugs (NSAIDs), analgesic
medications, antidepressants, sedatives, antipsychotic medications,
or if they had acute illness or were employed in night shifts
(Elgharib, Chi, Younis, Wehbe, & Krishnaswamy, 2003; Gabay &
Kushner, 1999; Liu, Bravata, Cabaccan, Raff, & Ryzen, 2005;
Ridker, Cushman, Stampfer, Tracy, & Hennekens, 1997; Ridker,
Rifai, Pfeffer, Sacks, & Braunwald, 1999). All subjects gave
informed consent for this study, which was approved by the Human
Research Ethics Committee of The University of Sydney and
Jordan University.
Materials and Procedures
Information was collected on age, race, work characteristics (full-
time/part-time), smoking status (current smoker, nonsmoker), and
alcohol intake. Four self-reported questionnaires in Arabic were
administered: the Effort-Reward Imbalance (ERI) questionnaire
(Siegrist, 1996); the Perceived Stress Scale (PSS; Cohen, Kamarck,
& Mermelstein, 1983); the International Physical Activity Ques-
tionnaire (IPAQ; Craig et al., 2003); and the Pittsburgh Sleep
Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, &
Kupfer, 1989).
The Arabic version of the ERI questionnaire (Almadi, Cathers,
& Chow, 2012a) has a Cronbach’s alpha coefficient of 0.82. It
contains 17 items, 6 are related to “effort” and 11 items are related
to “reward.” The items of effort and reward include five responses
and are answered in two steps. In the first step, the respondents are
asked whether the item content describes a typical experience in
their workplace. If the participants agree, they are asked about the
level of distress by choosing one item of a 4-point Likert scale,
ranging from 1 (I am not at all distressed) to 4 (I am very dis-
tressed). The ERI ratio was calculated as Effort/Reward ¥ Correc-
tion Factor (correcting for the difference in the numbers of items of
the two scales: effort and reward). A ratio of 1 represents a balance
of effort and reward, whereas a ratio greater than 1 reflects dispro-
portionate effort. Individuals with an ERI ratio  1 were classified
as the stressed group, and the remainder with a ratio < 1 were in the
nonstressed group. Participants were also asked to respond to six
additional questions on work “overcommitment,” which was
scored on a 4-point Likert scale, ranging from 1 (full disagreement
with the statement) to 4 (full agreement). Higher overcommitment
scores indicate high-risk conditions for physical or mental disor-
ders (Van Vegchel, de Jonge, Bosma, & Schaufeli, 2005).
Perceived stress was assessed by the Arabic version of the PSS
(Almadi, Cathers, Hamdan Mansour, & Chow, 2012a) with a Cron-
bach’s alpha coefficient of 0.68. The scale measures the level of
perceived stress experienced over the previous month, and consists
of 14 items with a 5-point Likert scale, ranging from 0 (never) to 4
(very often). A high score represents a high level of perceived stress
(Cohen et al., 1983).
Participants were asked to answer questions regarding their
amount of physical activity using the Arabic version of the IPAQ
(Al-Hazza, 2006). The IPAQ has undergone extensive validation
and reliability assessment, and it contains items pertaining to
physical activity patterns over the previous week in four areas:
work, home, leisure, and travel (Craig et al., 2003).
Sleep quality was measured by the Arabic translated version of
the PSQI (Almadi, Cathers, & Chow, 2012b), with Cronbach’s
alpha coefficient of 0.66. The PSQI is a 19-item questionnaire
about sleep quality in the previous month. The total scores of all
Figure 1. Stress and MtS pathways.
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items are computed to generate seven component scores with sub-
scale scores of 0 to 3 for the seven components: sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleep medications, and daytime dysfunction. The
sum of responses of all seven components yields a global score of
sleep quality. A subject with a global PSQI score greater than 5 is
considered to be a poor sleeper, and a subject with a value of  5
is considered to be a good sleeper (Buysse et al., 1989).
In addition to the self-reported measures, male subjects also
provided biologic and physiologic data. Subjects were seated for at
least 5 min in a private room before blood pressure was measured
with a standard commercial sphygmomanometer (Accoson, UK).
Subject height and weight were recorded, and the waist circumfer-
ence was obtained by measuring at the narrowest point between the
lower costal (tenth rib) and the iliac crest. BMI was calculated as
weight (kg) divided by height squared (m2). Venous fasting blood
samples were collected in plain tubes and centrifuged at 3,000 rpm
for 10 min at room temperature, and serum samples were frozen at
-20°C until assayed. Fasting blood glucose (FBG) and blood lipid
profile (total cholesterol, high-density lipoprotein, triglycerides,
and low-density lipoprotein) were determined (Accent 200 auto-
mated chemistry analyzer, Poland) using an enzymatic method kit.
High-sensitivity CRP was determined (Automated Roche Diagnos-
tics modular analyzer, Roche, Switzerland) using a particle-
enhanced immunoturbidimetry method with a measuring range of
0.085–1,600 mg/L.
Subjects also provided self-sampling of saliva for cortisol
assessment. Cortisol assessment through saliva sampling has the
advantage of easy and noninvasive sample collection in ambulatory
settings. Subjects were given clear written instructions with
graphic illustrations in addition to verbal instructions. Instructions
provided the method of saliva collection, with emphasis on the
importance of timing of saliva collection, and all necessary precau-
tions associated with the collection. Samples were collected using
cotton dental rolls that were chewed by subjects for 1 min. Cotton
rolls were then stored in Salivette tubes (Sarstedt Pty Ltd., Aus-
tralia). Participants were instructed to give three saliva samples in
a working day. The first sample was collected immediately after
early morning awakening, while they were in bed (sitting up).
Subsequent samples were taken at 10 and 20 min after awakening,
but before brushing their teeth, eating, drinking, smoking, doing
physical activity, having a shower, or exposing their eyes to direct
room artificial light or sunlight (Clow, Thorn, Evans, &
Hucklebridge, 2004). Participants were asked to time their saliva
collection accurately and write the time of awakening and the time
of collection of each sample. Salivette tubes were bagged and
stored in their home freezer until they came for their morning blood
collection appointment.
Saliva samples were centrifuged for 15 min at 3,000 rpm, and
salivary cortisol was measured immediately once the laboratory
received the samples. Salivary cortisol levels were measured on an
automated immunoassay analyzer (Elecsys, Roche, Germany).
The area under the curve (AUC) was calculated using the meas-
urements of cortisol concentration over the three time points of 0,
10, and 20 min (Pruessner, Hellhammer, Pruessner, & Lupien,
2003). The AUC for cortisol level after awakening was used as the
index of HPA axis activity (Clow et al., 2004; Pruessner et al.,
1997; Steptoe, Cropley, Griffith, & Kirschbaum, 2000). This index
shows a high degree of intraindividual stability when measured
over several days or weeks (Pruessner et al., 1997).
For cortisol analysis, there were 204 subjects, 60 were excluded
due to insufficient or missing cortisol samples, or missing data for
one or more of the main parameters. CRP analysis was performed
for 225 subjects of the study sample. Subjects with CRP levels of
10 mg/L or more were excluded (n = 25) from further analysis
because they are likely to be related to acute infections or other
acute inflammatory conditions (Ford et al., 2003; Jialal, Devaraj, &
Venugopal, 2004). Participants (n = 54) with missing data for one
or more of the study’s main parameters were excluded. Thus, data
from 146 subjects were used in the final analysis.
MtS was defined according to the International Diabetes Fed-
eration (IDF, 2005) criteria of central obesity (waist circumference
of  94 cm for men), plus any two of the following four factors:
triglyceride (TG) level of  150 mg/dL, HDL cholesterol
of < 40 mg/dL, blood pressure (systolic blood pressure [SBP] level
of  130 or diastolic blood pressure [DBP] level of 85 mm Hg),
or fasting plasma glucose of 100 mg/dL.
Statistical Analyses
Baseline characteristics were compared across stress groups
(ERI  1 and ERI < 1), and two-tailed p values were calculated
using independent sample t tests. We compared the MtS across
work stress and saliva cortisol (AUC) tertiles or CRP tertiles using
chi-square and Fisher’s exact tests. The distributions of CRP, physi-
cal activity score, and triglycerides were skewed and were there-
fore log-transformed before analysis.
The independent associations of ERI ratio, cortisol (AUC), and
CRP with MtS were calculated, adjusting for potential confound-
ers: age (Hildrum, Mykletun, Hole, Midthjell, & Dahl, 2007;
Wener, Daum, & McQuillan, 2000), smoking (Kasapis &
Thompson, 2005; McDade, Hawkley, & Cacioppo, 2006; Oh et al.,
2005), physical activity (Lakka & Laaksonen, 2007), perceived
stress (Yoo, Eisenmann, & Franke, 2009), sleep (Jennings,
Muldoon, Hall, Buysse, & Manuck, 2007; Okun, Coussons-Read,
& Hall, 2009), awakening time (Clow et al., 2004), work type
(Sanchez-Chaparro et al., 2008), and work overcommitment
(Steptoe, Siegrist, Kirschbaum, Marmot, 2004). Independent vari-
ables including the ERI ratio, cortisol (AUC), CRP, awakening
time, age, type of work, physical activity, and overcommitment
scores that were at 25% level of significance during univariate
logistic regression were carried forward to multivariable binary
logistic regression for adjustment (Hosmer & Lemeshow, 2000).
PSS score, PSQI, smoking status, and education level with a sig-
nificance level > 25% were excluded from further analysis. We
used multivariable binary logistic regression analysis to adjust for
the confounding factors. In addition, we included an interaction
term in the multivariable logistic regression model to assess the
possible interaction between the ERI ratio and cortisol or CRP. We
also conducted separate analyses for the stress groups and for
central obesity groups. Multivariable linear regression analysis was
also carried out to evaluate the association between ERI ratio and
cortisol (AUC), as well as between ERI ratio and CRP with each of
the five components of MtS. For linear regression analysis, each
component, as dependent variable, was taken on a continuous
scale. A two-tailed p value of 5% was considered significant
during multivariable regression analysis. All statistical analyses
were performed in SPSS (version 19, IBM).
Results
Participant Characteristics
The majority of Jordanian workers who participated in this study
(74%) were aged 26–45 years. In terms of type of work, 74% were
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engaged in manual work, 88% worked for private companies, and
99% were full-time workers. Table 1 displays the means and stand-
ard deviations for all of the study variables.
Using the World Health Organization’s definition of obesity
(BMI  30 < 40 kg/m2) (WHO, 2004), 25% of the sample was
classified as obese. Based on the International Diabetes Federation
criteria of MtS (IDF, 2005), 54% of the sample had a waist cir-
cumference of 94 cm, 42% had high triglycerides ( 150 mg/
dL), 25% had high glucose levels ( 100 mg/dL), 48% had low
HDL cholesterol levels (< 40 mg/dL), and 18% had high blood
pressure. Therefore, 32% fit the criteria of having MtS. A large
proportion of the sample (62%) was not very physically activity
(< 600 MET-min/week), 54% were active smokers, but none
reported consuming alcohol. We found that 51% were poor sleep-
ers (PSQI > 5). High work-related stress, based on an ERI
ratio  1, was prevalent in 65% of the subjects.
Comparison of the Stressed and Nonstressed Groups
Table 1 shows the comparison of stressed (ERI ratio 1) and
nonstressed subjects (ERI ratio < 1). We found that stressed sub-
jects had significantly higher waist circumference, BMI, systolic
blood pressure, cortisol levels at 10 min, cortisol levels at 20 min,
and cortisol (AUC). In addition, the stressed group had signifi-
cantly more cases of MtS (n = 51) than the nonstressed subjects
(n = 14, p < .05).
ERI and MtS
ERI and MtS through the cortisol pathway. Multiple regression
analysis (Table 2) shows that the ERI ratio was significantly asso-
ciated with MtS, even after adjusting for age, type of work, physi-
cal activity, awakening time, and work overcommitment. However,
adding cortisol expressed in AUC to the model considerably
attenuated the association between the ERI ratio and MtS. In addi-
tion, the interaction between cortisol (AUC) and ERI was signifi-
cantly associated with MtS.
The prevalence of MtS differed significantly across work-
stressed (ERI) groups and saliva cortisol (AUC) tertiles
(p  .001; Figure 2). The majority of MtS cases was present in
the highest cortisol (AUC) tertile and stressed group. After
adjustment for age, type of work, physical activity, awakening
time, and work overcommitment, the highest cortisol (AUC)
tertile significantly predicted MtS (OR = 11.50, 95% CI: 2.16–
59.14) in subjects who had high stress. In contrast, there was no
association between cortisol (AUC) and MtS in the nonstressed
group. Stressed subjects with either middle or low cortisol (AUC)
tertile did not differ from the nonstressed subjects for all tertiles
of cortisol (AUC) (Figure 2).
ERI and MtS through inflammatory pathway. Overall, the
mean CRP (n = 146) was 2.04  0.82. There was a significant
difference between the mean values of CRP for the stressed group
(2.14  0.8, n = 98) compared to the nonstressed group (1.85 
0.82, n = 48; p  .05). A significant difference in mean CRP was
also observed between the MtS group (2.47 0.67, n = 43) and the
group without MtS (1.87  0.82, n = 103; p  .001).
Table 3 shows the regression analysis of ERI adjusted for CRP.
The ERI ratio after adjustment for other factors remained signifi-
cantly associated with MtS. In addition, CRP was significantly
associated with MtS. However, further adjusting by entering CRP
into the model resulted in the association between ERI ratio and
MtS being attenuated. The interaction between ERI ratio and CRP
levels in predicting the chance of MtS was significant.
Accordingly, we stratified our logistic regression analyses to
compare the stressed and nonstressed group. For the stressed
group, the adjusted CRP remained associated with MtS, but there
was no association in the nonstressed group (Table 3). Fisher’s
Table 1. Psychological, Physical, Physiological, and Biochemical Characteristics of Jordanian Male Workers (n = 204) Comparison
Between Stressed and Nonstressed Group
n = 204
Stressed Nonstressed
p*
(n = 132) (n = 72)
Mean (SD) Mean (SD) Mean (SD)
Age (year) 35.3 (8.8) 35.6 (9.1) 34.7 (8.1) ns
Waist (cm) 94.1 (12.6) 96.2 (12.3) 90.3 (12.1)  .001
BMI (kg.m-2) 26.9 (3.7) 27.4 (3.6) 26.0 (3.6) < .05
Perceived stress 25.6 (6.9) 25.3 (6.7) 26.1 (7.2) ns
Overcommitment 14.3 (3.9) 14.1 (3.7) 14.7 (4.1) ns
Physical activity (MET-min/week) 1,210 (1,948) 1,138 (1,946) 1,341 (1,958) ns
Total sleep quality 5.4 (3.1) 5.3 (2.9) 5.7 (3.3) ns
Fasting blood glucose(mg/dL) 91.1 (12.2) 91.9 (12.4) 89.6 (11.3) ns
Low-density lipoprotein (mg/dL) 111.2 (31.6) 111.9 (33.3) 109.9 (28.3) ns
Total cholesterol (mg/dL) 187.1 (36.6) 188.3 (39.9) 184.8 (29.6) ns
High-density lipoprotein (mg/dL) 42.1 (8.7) 42.2 (8.7) 41.9 (8.8) ns
Triglycerides (mg/dL) 155.3 (85.4) 155.9 (84.9) 154.3 (86.9) ns
Systolic blood pressure (mmHg) 122 (9) 120 (8) 123 (9) < .05
Diastolic blood pressure (mmHg) 80 (6) 81 (8) 81 (5) ns
Saliva cortisol 0 time (nmol/L) 11.3 (5.2) 11.8 (5.6) 10.4 (4.3) ns
Saliva cortisol 10 time (nmol/L) 14.7 (6.6) 15.5 (7.1) 13.2 (5.3) < .05
Saliva cortisol 20 time (nmol/L) 18.2 (7.9) 19.1 (8.5) 16.6 (6.4) < .05
(D cortisol) (20 min–0 min) (nmol/L) 6.9 (4.9) 7.3 (5.1) 6.2 (4.1) ns
Cortisol° (nmol/L) 305.9 (139.4) 326.9 (153.3) 267.3 (99.2) < .05
Note. ns = not significant.
*Two-tailed p value based on independent sample t test.
°Cortisol calculated from area under the curve (AUC).
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exact test showed that MtS was most prevalent among stressed
subjects in the highest CRP tertile (Figure 3; p  .001).
ERI and MtS Components
ERI and MtS components through the cortisol pathway. Ta-
ble 4 shows that the ERI ratio was associated with the MtS com-
ponents of waist circumference and SBP after adjusting for age,
type of work, physical activity, awakening time, and work over-
commitment. The adjusted cortisol level AUC showed a significant
positive association with waist circumference, SBP, and FBG, and
a negative association with HDL. Moreover, there was a significant
interaction between ERI ratio and cortisol AUC level in predicting
the level of waist circumference, SBP, FBG, and HDL.
High cortisol AUC level was significantly associated with large
waist circumference, high triglyceride level, low HDL level, high
SBP, and high DBP only in the stressed group (Table 4). In con-
trast, in the nonstressed group, cortisol (AUC) was not associated
with any of the MtS components (Table 4).
ERI and MtS components through the inflammatory path-
way. Table 4 shows that CRP was associated with waist circum-
ference and triglycerides. There was a significant interaction
between ERI ratio and CRP levels in predicting the levels of waist
circumference, triglycerides, and SBP.
In the stressed group, the CRP levels were higher than in the
nonstressed group. Within the stressed group, CRP was signifi-
cantly associated with waist circumference (Table 4). In the non-
stressed group, CRP was only associated with triglyceride level.
In a separate analysis, the binary regression was repeated
only among subjects with upper tertile waist circumference
of  98.5 cm (n = 49). The data showed that, after adjustment,
CRP was significantly associated with MtS (OR = 4.26, 95% CI:
1.40–13.05; p < .05), but was no longer significantly associated
Table 2. Association Between Work Stress, Cortisol, and Metabolic Syndrome (n = 192)
Unadjusted Adjusted+ Adjusted++
OR (95% CI) OR (95% CI) OR (95% CI)
Effort-reward ratioa 4.78* (2.31–9.88) 4.74* (2.13–10.55) 2.80** (1.15–6.78)
Cortisol° 3.03* (2.08–4.40) 2.86* (1.92–4.25)
Effort-reward ratio and cortisol interaction
1.84* (1.50–2.26) 1.83* (1.47–2.28)
Stressed group (n = 126)
Cortisol° 3.96* (2.39–6.56) 3.90* (2.23–6.81)
Effort-reward ratio and cortisol interaction
2.12* (1.60–2.81) 2.14* (1.53–2.98)
Nonstressed group (n = 66)
Cortisol 1.23 ns (0.68–2.20) 1.15 ns (0.52–2.55)
Effort-reward ratio and cortisol interaction
1.32 ns (0.75–2.32) 1.15 ns (0.55–2.39)
Note. ns = not significant.
aper one unit increase in the effort reward ratio (0.1). °per SD increase in the area under the curve (AUC) of three timed cortisol measurements.
+Adjusted for age, type of work, physical activity, awakening time, and work overcommitment. ++Adjusted for age, type of work, physical activity,
awakening time, work overcommitment, and cortisol expressed in AUC.
*p  .001. **p < .05.
Figure 2. Incidence of MtS across work stress status and tertiles of cortisol. *Cortisol calculated from area under the curve (AUC). Low cortisol tertile
< 230.5 nmol/L, middle tertile 230.5 < 340 nmol/L, high tertile 340 nmol/L.
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among subjects in the middle tertile waist circumference, 88.0 cm
to 98.5cm group (n = 45). The middle waist circumference tertile
but not the lower tertile (waist circumference of < 88cm, n = 52)
was used as the reference group, since none of the subjects on the
lower tertile group had MtS.
ERI, MtS, and Inflammation with Central Obesity
Further analysis of subjects with upper tertile waist circumference
( 98.5cm) and high stress (ERI  1, n = 39) showed that, after
adjustment for other factors, CRP was significantly associated
with MtS (OR = 5.23, 95% CI: 1.41–19.45, p < .05). This asso-
ciation was not significant in the nonstressed group (ERI < 1,
n = 9).
The interaction between CRP and cortisol (AUC) was a signifi-
cant predictor of MtS for the stressed group, even after adjustment
for other factors (p  .001), whereas the prediction was not sig-
nificant for the nonstressed group.
Cortisol Measurement Immediately on Awakening and MtS
Adjustment for cortisol using cortisol measured at awakening
(time = 0) attenuated the association between ERI and MtS
(OR = 3.70, 95% CI: 1.60–8.60, p < .05). Even after adjustment
for the confounders, the cortisol at time = 0 remained signifi-
cantly associated with MtS (OR = 1.93, 95% CI: 1.35–2.76,
p  .001). In addition, the interaction between ERI ratio and
cortisol time = 0 was significantly associated with MtS
(OR = 1.68, 95% CI: 1.35–2.10, p  .001). Among the stressed
group, the adjusted cortisol at time = 0 and the interaction
between cortisol at time = 0 and ERI was significantly associated
with MtS (OR = 2.39, 95% CI: 1.47–3.90, p  .001; OR = 1.89,
Table 3. Association Between Work Stress, C-Reactive Protein, and Metabolic Syndrome (n = 146)
Unadjusted Adjusted+ Adjusted++
OR (95% CI) OR (95% CI) OR (95% CI)
Effort-reward ratioa 2.65** (1.13–6.25) 3.35** (1.32–8.53) 2.36 ns (0.89–6.24)
C-reactive protein1 2.49 * (1.55–4.01) 2.51* (1.50–4.20)
Effort-reward ratio and C-reactive protein interaction
1.80* (1.33–2.42) 1.85* (1.33–2.57)
Stressed group (n = 98)
C-reactive protein 3.02* (1.67–5.47) 4.14* (1.99–8.62)
Effort-reward ratio and C-reactive protein interaction
1.80* (1.34–2.42) 2.03* (1.39–2.98)
Nonstressed group (n = 48)
C-reactive protein 1.28 ns (0.53–3.06) 5.62 ns (0.67–47.40)
Effort-reward ratio and C-reactive protein interaction
0.79 ns (0.35–1.78) 1.90 ns (0.46–7.87)
Note. ns = not significant.
aper one unit increase in the effort reward ratio (0.1). 1per one unit increase in C-reactive protein, Log(1 mg/L).
*p  .001. **p < .05.
+Adjusted for age, type of work, physical activity, awakening time, and work overcommitment. ++Adjusted for age, type of work, physical activity,
awakening time, work overcommitment, and Log value of C-reactive protein.
Figure 3. Incidence of MtS across work stress status and tertiles of CRP. *Low C-reactive protein tertile < 1.44 mg/L, middle tertile 1.44 < 3.50 mg/L,
high tertile 3.50 mg/L.
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95% CI: 1.37–2.61, p  .001, respectively). In contrast, there was
no association between cortisol at time = 0 or the interaction
between cortisol at time = 0 and ERI with MtS in the nonstressed
group.
Change in Cortisol Level and MtS
When change in cortisol level (D cortisol) (expressed as cortisol
level at 20 min—cortisol level at time = 0) was used in the regres-
sion analysis instead of the cortisol (AUC), the association between
the ERI ratio and MtS was attenuated (OR = 3.26, 95% CI: 1.41–
7.50, p < .05). Change in cortisol was significantly associated with
MtS (OR = 2.00, 95% CI: 1.37–2.93, p  .001). Further, there was
a significant interaction between ERI ratio and change in cortisol
and of MtS (OR = 1.69, 95% CI: 1.33–2.14, p  .001). Among the
stressed group, we found a significant association between change
in cortisol level and MtS (OR = 2.49, 95% CI: 1.48–4.17,
p  .001). In addition, the interaction between change in cortisol
and ERI was significantly associated with MtS (OR = 1.67, 95%
CI: 1.26–2.22, p  .001). In contrast, no such associations were
found in the nonstressed group.
Discussion
Despite overall good health, a high proportion of Jordanian
workers in this study had large waist circumference, undertook
little physical activity, and were active smokers. When stratified by
ERI ratio, there were clear differences in waist circumference,
BMI, SBP, cortisol at awakening, and CRP. In accordance with the
stress model, the HPA axis and the SMA axis become activated,
resulting in effects on cortisol and CRP, which are central to the
development of MtS. In this study, we established a relationship
between work-related stress, cortisol, and CRP in predicting MtS.
First, we showed that a high level of work-related stress (ERI
ratio  1) was significantly associated with a large waist circum-
ference, high DBP, and, to some extent, with high FBG level, as
well as with a greater number of cases of MtS. These results are
consistent with studies examining the relationship between chronic
stress and MtS (Chandola, Brunner, & Marmot, 2006; Raikkonen,
Matthews, & Kuller, 2007). In contrast, nonstressed subjects (ERI
ratio < 1) showed no association with the MtS or any of its
components.
To our knowledge, this is the first study addressing this link
through two pathways, the HPA and SMA pathways, through their
effects on the endocrine system (cortisol) and inflammatory
markers (CRP). Rosmond (2005) has hypothesized that stress-
related high cortisol secretion is strongly associated with MtS. Few
studies have investigated cortisol levels at awakening and ERI
association, and some showed positive associations (Eller et al.,
2012). However, other studies have shown inconsistent findings for
cortisol levels on awakening that were associated with ERI
(Bellingrath, Weigl, & Kudielka, 2008; Steptoe et al., 2004). These
inconsistent findings may be due to improper saliva cortisol col-
lection, such as noncompliance with saliva sampling procedures or
incorrect timing of sample collection. It can be difficult to guaran-
tee true cortisol levels collected in ambulatory settings (Kudielka,
Broderick, & Kirschbaum, 2003). Exposure to light following
morning awakening may also affect the morning cortisol levels
(Clow et al., 2004). In this study, the cortisol samples were col-
lected with care, but while all precautions were taken, subjects’
compliance could not be guaranteed. Although the awakening
response of cortisol measured by AUC shows a high degree of
intraindividual stability when measured over several days or weeks
(Pruessner et al., 1997), this stability has not been tested in the
current study, where only one set of samples was taken for the AUC
analysis.
Table 4. Associations Between Work Stress, Cortisol, C-Reactive Protein, and Components of Metabolic Syndrome, Adjusted for Age, Type
of Work, Physical Activity, Wakening Time, and Work Overcommitment
Waist
circumference Triglycerides HDL SBP DBP FBG
ß t ß t ß t ß t ß t ß t
Effort-reward ratioa .22* 3.61 .02 ns 0.28 -.01 ns 0.01 .18** 0.24 .02 ns 0.24 .12 tr 1.79
Cortisol° .17* 2.81 .08 ns 1.14 -.20** -2.67 .26* 3.60 .12 ns 1.54 .14** 2.10
C-reactive protein1 .31* 4.22 .23** 2.66 -.16 tr -1.84 .11 ns 1.26 .05 ns 0.54 .11 ns 1.30
Effort-reward ratio and cortisol interaction .25* 4.00 .11 ns 1.45 -.15** -2.00 .28* 3.87 .11 ns 1.43 .17** 2.46
Effort-reward ratio and C-reactive protein
interaction
.32* 4.33 .18** 2.07 -.12 ns -1.39 .19** 2.18 .54 ns 0.61 .13 ns 1.56
Stressed group
Cortisol .17** 2.18 .18** 2.06 -.25* -2.70 .28** 3.14 .24** 2.75 .15 tr 1.87
Effort-reward ratio and cortisol interaction .23** 2.86 .19** 2.09 -.20** -2.19 .25** 2.70 .23** 2.46 .19** 2.28
C-reactive protein .38* 4.20 .20 tr 1.91 -.20 tr -1.96 .13 ns 1.23 .16 ns 1.58 .06 ns 0.67
Effort-reward ratio interaction C-reactive
protein
.34* 3.97 .16 ns 1.58 -.19 tr -2.37 .09 ns 0.90 .16 ns 1.55 .14 tr 1.76
Nonstressed group
Cortisol .14 ns 1.33 -.18 ns -1.41 -.16 ns -1.22 .07ns 0.52 -.08 ns 0.57 .04 ns 0.31
Effort-reward ratio and interaction cortisol .19 tr 1.90 -.13 ns -1.05 -.22 ns -1.71 .06 ns 0.47 -.12 ns 0.39 -.01 ns -0.10
C-reactive protein .15 ns 1.07 .48** 2.88 .24 ns 1.31 .09 ns 0.51 .15 ns 0.79 .23 ns 1.22
Effort-reward ratio and interaction C-reactive
protein
.12 ns 0 .96 .41** 2.97 -.31** -2.03 -.01 ns -0.04 -.21 ns -1.27 .19 ns 1.16
Note. ß = standardized coefficients; t = t value; tr = trend (p > .05  .08); ns = not significant.
aper one unit increase in the effort reward ratio (0.1). °per SD increase in the area under the curve (AUC) of three timed cortisol measurements. 1per one unit
increase in C-reactive protein, Log(1 mg/L).
*p  .001. **p < .05.
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We further demonstrated the possible role of saliva cortisol
and CRP in the development of MtS. Adjusting for saliva cortisol
or CRP attenuated the association between stress and MtS. CRP
elevation may also be a result of activation of the stress system
(HPA and SMA) (Bruce, Rodman, & Newman, 2007; Rippe,
2012). Although hypercortisolemia-related stress appears to be a
specific risk factor for MtS, the association for high CRP-related
stress was only found in those with central obesity, consistent
with many other studies (Hak et al., 1999; Lemieux et al., 2001;
Saijo et al., 2004). A mechanism that explains the elevated CRP
levels is that adipose tissues secrete proinflammatory cytokines
(Kern et al., 2001), which in turn induce the synthesis and secre-
tion of CRP by the liver (Papanicolaou, Wilder, Manolagas, &
Chrousos, 1998). A synergistic effect of central obesity and work
stress, acting together to intensify CRP production, is highly
plausible (Dixon et al., 2008; Laaksonen et al., 2004; Visser,
Bouter, McQuillan, Wener, & Harris, 1999). Indeed, weight loss
was not only associated with a decrease in CRP level (Selvin,
Paynter, & Erlinger, 2007), but also a reduction in psychological
stress (Bruce et al., 2007; Rippe, 2012). This attenuates HPA and
SMA activation, and in turn reduces cytokines and CRP produc-
tion. In addition, visceral fat loss may lead to a decreased number
of glucocorticoid receptors within visceral areas. Eventually,
decreases in cortisol activity may lead to less abdominal fat
deposition.
There are additional limitations to our study, such as the rela-
tively small sample size, particularly the small number of cen-
trally obese subjects, which limits the statistical power of this
study. The strength of this study is the application of strict subject
inclusion/exclusion criteria that excluded all medical conditions
that may elevate cortisol or CRP level. The ERI questionnaire is
a commonly used scale that is designed to measure work stress,
which has been linked to poor health outcomes. Thus, persons
with psychiatric diagnoses of work-related stress would be
expected to show a stronger positive association with MtS. In
addition, this study indicated that Jordanian workers reported a
generally high level of work stress when assessed on the ERI
questionnaire compared to other cohorts from European countries
(Siegrist et al., 2004). This higher level of stress suggests Jorda-
nian workers had higher perceived work effort and higher job
demand, but job satisfaction was lower than workers in the
samples from other nations. Additional research is recommended
to explore the work-stress relationship (high ERI ratio) and its
long-term health impact on workers in Jordan.
In conclusion, our results suggest that work-related stress, and
its resulting hypercortisolemia and augmented CRP, synergistically
contribute to the development of MtS in middle-aged Jordanian
workers. High work-related stress in the presence of central obesity
predisposes Jordanian workers to increased risk of MtS, potentially
working through inflammatory pathways. These measures could
also lead to an increased risk for developing cardiovascular disease
or diabetes. These findings have important health implications for
stress at work. Further research involving prospective studies
should confirm our findings and investigate the causality and direc-
tion of the relationships among ERI, cortisol, inflammation (CRP),
central obesity, and MtS.
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